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- . opporeunitf 



qtirf»t^^?3fslseifc-lB *he MAs tractor's 



V 



^ ^fcMn^a siw teachin^'plsltipi^ind has moved to. ^acomm^ W^Atogfon* 
/dt^e slK^r^ l^aues oT! ISE before Reiving .far ths West &aat,) Begin-' 



r 1 

editor^ 




TatrlcH E/' Biosaer 



Robert L. Stelner 
^aoelate /Editor n 



erJc; 



•J' 



ill 




S^^-'. Sol 



\ ■ ■ - . ~ ■- ■ r _- ^P M^p^ ' >- ilTJl 0_M-T_M.1.Q.-I_T-I. f^'^yBB^f^^^ ^ ■ 

of ifet^^ j^oCTal of ^ 

- . BMearcft : Scl^aca Teachfa^; 5^ i 43^^9, 1977, - ^ ' f - 

W^lmHS* ^^to^iF^edertca lAcmd^p Sfa Slapnfc Island^ Georgia, i^ !^ 



/5' 



moHg intal^gsnee* ^cW^^^t. attlMde teu and interaat in sclsnea, 
^d praptlcal la t^gjl ^^^ skill Qhe^stry and aimlrie paMible 



diffirEaces 



'^3> Do high achool teaeifers cenaid#| a atudtht ' a ability ln\ prAtl^ 



^ cai; work whin they as^sa th#lr|itdkests? 



4/ ^Are thare difCferemees la ac 
.'selepaa students? 



t between selenca 'Md nan^ 



I 5* fen laboratdry^-cantered ^chamistry curricula be iaefsmendad for 
,.^|^ aonsGia|r^ majors? ^ " ^ 



Rati ana 



'M:. -'i: 



1* 

Thii study ^raa Justify by rafafance to a Itatamanjt In^ Shulman and 
Taalf (197^) that ^*ra^earch in the relations- between labora^e^ and 



bthar jLearning modes remains scarce,'^ It iB'-reia.ted prlimrily to prtor 
TO^k * Wsassmant of attitudes and laboratory jk:^lls by one of the 



% 



f— 
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" - . —i;-'- - ^ - ^ _ ^ _ - - 

lnvea^lgat^^ ^Qp^a) , ^ T&«e iM jacr e^d^e In -th# export ef a 
~^tl^ ^s^^^CJietstiid:f aippews^^ bm AaderTOa aS76)^ calls'" " 



^ada a^idttSa: lZ^%mxmtil iHueatle^ i^ltoslsti^ ^ladsas us tog £he^ * 
— ^T-^Z rla1iapa-lfar4^ 



taaehars had ^eealved «tinsiva Jj^eiYiM tratotog to tl^ ^ 
eiirrieul|a|* A aailtlple^ctolce f^^toowfadg aehl#VM#nf test 

. • 0»75) was u^ed as a pMtsst* aifa^J^tsred prior to beglmlng 

j ■ ' ' " ' ' . »-* * 

^ths fch^dato^ eourse. Af teg ^mths^gf ias^uctlea ttdgdnlst^igtion 



^t&ia ^8pa§lf lad ©^l^Jfor l^e c^mlstty a^leveffisot tastj aastnied for 
others) I ^tudAts eo^lstedi . ^_ _ ^ _ _ • _ - 

:1) Aa IQ test (gpUt-jijjJ > jO^^ ^rfear md Jtorlall^^^j^ ^ A - 

^ 2)^ A multiple choice chetalstry achievement test 0^-20 ■ 0,78) 

3) A Llkert-type selence Interaat and attitude Invanjtoiy ' 
^ CAlpKa: 0;72)~XMaye1^^ — - 

* 4).* A ^'probleffl-solvlng*' lab practical wlth^teei|aique, procsdurej ^ 
\ ^ ' stfaual dexterity and orderliness subseales CovMsJtl^ Alpha ■ 

* > 0^70) ^ - ' 

si(mllar to the above toverall Alpha « 0.53) ^ ' ? 

6) An "obser4at£oi|al ability" lib practical (Alphdi - 0,^0 or 
- : O.fiJ, d^endlng ^j^g^^^^g ^^^^^^ — - 

\" ' ^ . ^ ^ 

la addlt|.on* data were collectad for Instructor-asslpied grades In 

chemistry ^ cholea of major at the end of the tenth grade year a^k * 

student sex, " • ^ . = 

.Once data were cellectedp two factor an'Ayses with vartaM rotatlMi 
ware conducted/ The_fl r^y Qn_the^prQ^lem^Mlvf ng at^A mgnlpulatt ^ 
sjtllls lab practlcala — "showed that t hp. four ju^tests could b.e feduced. 



to dlstlnet factors; ' (I) higher a^ll^ieal (tecljniquo and procedure) 
and <II) lower ablllt^ea (manual dexterity arid' opder^lneps)T" 
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fta«l t*«deaoaded highly j TACTOR ll^a "prohlea aolvlas" factor on 
eUch both higher and. lower ahlU^ * factors 'frMi the probleffl solving 
Uh piaetleai^oadHi hlghlr tOifi^^^ Md >ri test ^neral 

science^ achleireinent, loaded ^er^t^ III— a "routliie 

maalpu^lve^ skilly" .factor on v$lch both higher ^ loirer ability 
flirrnrWnreff;^fo i r^^ho-routltie^laaBl^^ 



: ■ ^8**^^; I^an "Dbservatlonal -abUlty" factor tqatalnlig 

# • OTly thf^sepatlonal; l#b practlcj|lf aa^rACTOR' 7--an affective factor 
% only the attitude and; Uteres . V 



' T 



.Once factors were Identlflea, the sa^le was sorte^M science Cn-1023 
, or^noMclenc^ Cn^ 13lJ^oaiQrs,. descrlpt^toe. s f or-tJje five 

: factor scorea, based ©n each student ^^standardized scores /on the orlgl- 
. nal measure^ wfere generated^f or each group . and the ^ groups wyg 
coiap^red uilrig a t-tesB, A similar procedure was used to compare boys 
and girls. 



/ ^ 



Findli^es 



itatlstlcally slgnlflcint dlffetences Iricludedi sclence*majors > non- 
and f frls > boys on the 'observational facttfr. -i— 



.r.- .■ j.,,.. 

• {' 
Ihterpretatlon 



The, InvestlgatODs concluaed that •achievement on written tests and. lab 
4 — ^raetlcals consc ltute lnd g pendto fc-^de s^-t hat-labor^e^ry=abtl^.ty^ 



t 



at least thr^e conponents*4^problem-solvlng ability, Mnipulatlve skilJLs 
^*%nd ebservatlon, and that all of cheae should be used In •assessing 
-■tudents* ability in chemistry. TKey found tHat the teachers used on^ 
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" ,\ - ****^^^|3I ^ practices ladleated, that ths sclmes esirrleulisi * 
:^ - fOT fi^eitt^^ mi^rs stould-W^^lmti©Eat«y^ md based at least 

- ai^ri&rtty ©f glri M^bojps la^^obser^atloiial abilities was hypothesised 
. u due^ diffarent rates of colir bll^aesa barmen the sues, ^a 

cbpiltlva dtffaranees were mated ^fc aoC tatBrpreted, * * 



ABrrSACTOE*S MUTSIS 



tte rfej^%aship ef the study ^to tte ^trlx of ot^r stttdles la Als 
^1 



afea is difficult beeauss of the potpourri of Itfsues addrkisedJ The 
aaa^tt^OTant of laboratory skills appaars to ba a ooatlnu^g lateraat 



others lAo ha^m iSarsssad the safbs prohlem ^DoraUp 1978)^^ Thm phllo* ^^ 
Mphlcal , psychological aad/^ eBpificar basai of Ks^i ^^^^^^^^^^^^^^^ y 
wera uat discussed In the report but wer* referenced. The reasoas for 
-axpeet4ng -<or mot^expactlngr a^^the^ e 

scleaca and.nonsclance majors or betw^|p boys and girls on thfe . - 
saasur^-^^labl^* are %ot diseussed .~ <f Isal^fradee in science ^ 
courses fot the fflajors Is an a^captlDn J ThttrTCsr^wor* is intrijisl- * 
cally good and lab skills should qomprlsa, maasutad objectives is m 
tmdlscussed and unquestioned aasuttptlroi. ^ J 



As nearly as can be detarminad from/ the report , the study provide^ no 
new conceptual or methodologieat^edntrlbu facti the validity 

of some of the conclusions Is questionable on methodological grounds.^ 
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The haart of the Utudy revolves around the lab practicals, the best d£ 
: which la of minimum r^lability (Alpha = 0,70 for the overall maasure) . 

The obse^ation measure Is contaralnatad fio aft untoown extent because it 

requires color dlscrlralnatlon In the blye*green and violet rengas and? ' 
^"colW^Tlndness was not determined* Mere than 50 percent of the 

variance of each of the maasuras seams due to measurement error* 9- 



10 



. .Cfl^^aons ±1 also :su^e|t» 1^ ftpestlgac^rs to Be saylai gKat 

•tudmcs Bajor in sclnce do 8# beMuse they aali betMr »aies* ia ' 

«" »oi«v^fatelllgent._ ItU^'l^ 
cell Aether thefi data sup^rt^j^tMs BecAusep despite' their proalse 1m 
tte Introductlbn, IQ Is not treated as an ^dependent varlj^le. 

I Bu^ect that IQ wbttld be similarly related to aclilevOTent ±^ non^ 

courses. % own'experlence as a cneaistry teacher tn 'ifigh ^ 
tool is that» with very rar e exeeptaenB, ptudents ^o,aake good. 



grades on Vrltten chemistry tests also make goad grades on written 
tests in aath^ Ian juages, social studlea, llter«tOTe,**typlng, .physical 
education. Industrial arts, Md h*e econonlics.' Sone itaique feature 
of Inmrnli^ as cawprnved to Anerleanp seheoliig may Meata 'a dlffsrant 



regarr to tte wit ten f Sport Itt^ i iavlawtat wai; a 

frustrating experlanea bebausa datar^^nf what went #n from reading, 

statad^taat in tha introduction and actual design as mentioned above 

_ „ til IQt Rescript llw^^^^ 

daralopad es^ael^^y f or the study ^a s ^^ally InaJaquate, The 



^ probles^ solving test involved an "open-ended" Investliation of Cthe 
^-ratte of? the stol-ehi^atry of?) the thermal decoffiposition of CdCO^^ 



with both "plamiing and aotual performance" assessed^ vis checklist 
along undefined dimAsions labeled as technljquej procedure* manual 
^ dexterity and orderliness* The manlpuUtiva skills lab\ practical ^ 

Involved following "very .specific directions" to Investigate the 
.-^^acipitation of * PbCrO^ (4Csp7 Effect of solvent tampersture or- 
eommon ion effect!) assessed using a checklist for technique, pro- 
cedure , manual daxtecity and orderliness, 

Tectolque aad procedure hung together and^mariual dexterity and order- 
llnesfrTfung togather during one factor analysis but not another. The 
results of* the two-factor analyses, and my own failure to understand 
ho*^_t«^hnlque and procedure can differ very ouch from manual dexterity 



,4 for test asd a fW Itos from the cbeekllstCs?) wuld have helped 



Other tidbits ef InforMtloti lAleh sheyid l^a bean Inel^ad arei, 
■^te ja^^pd Uaad to select tha "repras«tatlVelV s^il^|.^^^^ ^£ ' 
a dalnts tratlon of the IQ, lab prae^lcal and attltuda Masuresj the 
reliabilitlamkof the lab practleal subtests | thfe ynit ef asal^sls for 



probabilities assoclatad vlth the b^/glrl eei^mrlsoas, Slnea the 
ntlre report required only six and a fourth pages , all of the addl^ • 
tlenal Information mentioned Ineludlng dea^^^lon^of the lab praQtl- 
eali iould have been Ineiuded %rtthin the JRST 10*-page limit for a 
^ rasemrch report* 1 \^ 



\ '"higher" and 'ilon^c" abilities i the method of scoring the observatloo^ 
praetleal used for gmeratlng data used in the analysi@i the natuife^ 
^f the content validation procedure used for the TCasures dfeyeJLiJped 
ei^clally for the studyi the n^^et of boys and glrlsj at least a 



With the report Ihg of this study ^ what is the. current state of the 
art of research In this area and what direct lens are indicated for* the 
^futsira2_...^je^tate^ 
recently reviewed by Doran (1978) who concluded that "research^lnto 
psychomotor aspects of science laboratory objectives is woefully/ 
iacklhg." Because the lab practlcals developed for this study are 
not adequately described » it la iajiosslble to determine the contri- 
bution of *thls study" to the state of that particular art, ^ 

The'discrlmlriatlon between science and Conscience majors is, I suspect, 
an Intractable problem Involving at the very lea^t preferred learning 
tftyla, cognitive ^^ie) cognitive prefere'ncep rati of develepoent of . 



formal operational'"thinking»' interaction of all these with instruc- 
tion In both the sciences and nonsciences, encounters with" important 
role modelep differential socialization of the sexes, parental 



ERIC 



expectations an4 Job market' structures. It is, at anyf rate, beside 

thtf point as loqg as the- practical eonsldSratlon Is devalapfflent of a 
single chemistry course to be taught t© all itudenta befor e they v 

^ . ' - - -r'- * - 



arid na^-aaj0rt;^_ia. ^%^atlvely unimiiprtant compared with » the 5ther proi- 

Iffiplled but not dlseaased in the studyi how may laboratory"^ 
,eKperlences be used to^ Improve elassroom Instruction Ih cheffitstry? ' 
(In not qualifying that question* 1 m assuming that all ^homal 
hifflians learn In pretty much the same fashion . . 

If this Is the Important queftlon, and 1 believe that It If, then the 
Inv'estlgators' stress at this ^tlme on-psvehomotof skills Is misplaced. * 
The newer science curricula are lab-centpred because this approach is 
thought to be most, effective In helping 'students understand _and learn^ 
the concepts and intellectual processes of science* 'Psychombtor skill 
development Is a means for^ enabling studentf to encounter phenomena i 
which will help them acquire such undefstanding/;iearning, ^not ah end 
in itself. My agenda ^as a high school ^chemistry teacher Is helping 
students to learn and understand chemistry^ not training them to ^ . 
become lAb technicians. 



The important research problems Include, then^ the following^ f 



(1) Whtt is the logical structure of chemistry? How ^do w6 toiow 
whether someone knows and understands the concepts and intellectual 
processes of chemistry? Which ideas are^ central and which are 
peripheral? The^ methods discussed by Herron et al * (1977) seem % 
useful for Initially addressing this problem* 

. ■ • >, 

(2) How do sftidents psychologically construct the logical 
structure of ehemlstry? (This is quite a different problem because 
if the logical structure were the same as the psychological structure 
to begin wt^h* all we'd need for perfect chemistry teaching would be 

set of notes and means of delivering the message to students*) 
Which ideas may be learned initially and which require prior learning/ 
understanding of other Ideas? If human learning is viewed as 
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^n'praatlon processiftf as described by Newell and Simon (1972) , we call 
4 use'cOBputer analogies for this second ((and most important?) prdbl^. 
Elucidation of t^ data baie format can probably he accomplished using 

■to massage the data can ptobably be adcampllshed using methods similar 

to Piaget. s.- CSee Grden, 1978, for a, recent review and a comprehensive 

-' - / • 

bibllegfcaphy.) . ' , j/ . ^ ^ 

Investigation of problems (1) and (2) should. lead directly to soma 
productive nypotheses related tb' students encountering lab-type 
experiences as a route for chemistry leamingi Only at this point 
would a consideration of discrete laboratory psychomotor skills 
required for eliemlstry learting become broadly use 

In effect* I ™ criticizing the Inveetlgators' lack of a theoretical 
base for t^ie research they did* Even despite the methodological prob- 

l ^Pg, the data are of Inf erea t , S offl^hnw ^ anH 'h p^r flgg/nn4a^eq 

have developed a curriculum that does not radically diminish the attl^ 
tude towards science of those who vote with their feet to not enter 
^ science courses again, The factor analyses reported surely mean 
something. The problem Is that without a well^artlculated theoretic- 
cal bdSCi no one can be sure really what the data^mean, not even the 
^-Iwestigators themselveer tResear 

atheoretical observation (a correlational fishing trip, so t^o speak) 
is useful in the absence pf organizing theories. But science educa*- 
tlon has advanced to the point where enough such theotfies abound to 
enable us to .begin using them. Let us all do so* 
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Z 



The purposes of this study ware i ^ ^ : / 

Ir To find out how children ;aj|erate ! in a rfree-^ envlromaent, 

if To discover what children learn Aoutrcbhtrolllng varlSta^a In 
the absence of direct teacher Instruction* 



The authors stated that It vas also of la£erest' to establish baseline 
data for future studies. 



Rationale 

The research was concerned generally with student learning when student 

--^auMnomy Is m«lal^ed and teacher*-controlled instruction Is minimized. 

y. ^ - -. ^. - ' , " " 

Mdre specif Ically, the focus was on the ability of students to control 



arlables. The authors feel that learning to control variables Is- 
iiaportant not only for science but because such knowledge Is also 
fundamental to everyday decision making. 

The part of the study related to controlling variables is referenced 
to the classic work of Inhelj|er and Plaget (1958) , Free^cholce environ- 
ments are linked to studies by Linn at al . (1976a, 1976b). 



V 



. Research Design and Proeedure / 

, ■ , . /. ■ / ' ■ ■ ■ 

/Ninety oiadle-fila 

FDrty-£l,ya ehlldren were randomly selected to form the ej^erimental 
0 group which would/partielpata in the Science Enrichment Center. TOfe 
r^alning 45 children served'as the control group and had no science 
program during the course of the Investigation, The children In 'the 
experimental gro^p attended the Center in. groups of al|ht for twp 45^ ^ 
ialnute sessions per week for 12 weeks* ^There were significant • 
differences in IQ dr age between e^iperlmental and control groups. 

The Science Eilrlchment Penter was situated in a book«storage room, 
The banter permitted students a great deal of free-choice in activif^ 
ties selected as well as node of operation. Fifteen different 
activities ware available at any one tiie. A total Qf SO activities 
*were used in the stfidy* Each activity was accGmpanled by a studeRt- 
activity sheet ^Ich 1) suggested' an Interesting actlvltyp 2) described 
a solution s and 3) provided the learner with a related challen|e to' 
solve* Report forms were available for the students at the completion/ 
of work with a particular set of equipment, im adult paraprofesslonal 
staffed the Center* In general, the paraprafesston^l functioned as a ' 
faci lit ator and was not Involved In in iti ating conversation w^th the_^ . 
children* . ^ * 

The following kinds of data were gathered in order to evaluate *the 
effects of Che Science Enrichment Centeri 1) videotapes of the 
Center In operation were made during the seventh week, 2) on-^lte 
observations of chi^ paraprbf easlonal and the atude^Ea were made In 
the fifth and tenth weeks, 3) an attitude survey was conducted In 
the ^Ixth weekj and 4) pretests and posttests were given to determine 
students' abilities to control variables. 

The^ pretest consisted of two paper-pencil tests— the Spheres test atjd 
the Balloon Boh teat. The posttest was made up of the two paper-pencil 
tests and an Individual Ihtervlew using, an adaptation of the Bpndlng 
Rods task* Two subgroups were , formed 1# both experimental and control 
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ireupa. The paper-penall pretests and positests , were then admliilstered 
In A councerbalanced ord«^sp as td permit evaluation of the effects ^df 
'^he tcsclng afequsnce both wtthtn*and hetwfeen* gr oups, ^ 



* Findings - * , 

^ - . . . ^ ' / ■ - 

_ ■ , 'i- . ^ ^- ■■ 

ThB auth9rs provide a rathfer lengthy narrative on '^RMults..and Diacirli- 

- sionV Their narrative ^an be symari^ed a^ foll^^; 

1% Analysis gt thb videetape . and %ite bbsirv'atlona aubatantlated 
the fact that chlldrjen eper^ted In a f if ea^cholcep non^ teacher- 
directed eavlronnant. " ^ ^ ^ ^ 

^- ■ _ ^ • / ^ t 

a, Faraprefesslonal- s 'tfoncrlbu^lonito the total amount cf talk 
was only 5 percent, ^ 1 ' 

' p. for the m^gt^arty thR g^M 1 ftypti aggii^ef^ j^^^^ ^tr^^fiomou c 



role with ease; 



/ 



4 



c* *The use of a reward ^^^ed to Increase the nuaber 

students completing riore autonomoue and more ebgnitively j ' 
demanding challenged, . . ^ . 

_if^^,#out jo^ 

or tries rather /;han alone, • ' 

2* the attitude^surve^ revealed tha^^ in general, the students* 
; liked the Enrichment Center/ * . 

a. Two-thirds o|f the students Indicated a , desire to atten^ 
the Center moVe often, than twice a week. ° 

b. The most frequently mentioned negative aspect was t'he 
necessity Xo complete "Activity Report Foras." 

c. ,/ The most positive aspect of the Enrichment Center was 
/ "doing the experiments,'* ^ - 

3, pretest and po at teat results were analyzed with non-paramet^lc 
. statistics,. , /i * • • 



a./ Pretests revealed no Initial differences between the 
ekperlc^ntals Md cantrols, ^ 



t^■. 



different from the control group (alpha*** 0,01) on^^oth 
^the. Spheres and the Balloon Sox activities • . The experl** 
\^atal* group students increased In their abilities to 
I^ Mntrot variable On these two tested jCSpheres and 
^ \B4ll00n BpK)t approximately ojie-thlrd of^the experimental^ 
group^,jioved from a state in which' they were unabrfe tb- 
* , 'recegfiize the necessity for controlling va|;lables to o^e 

in wfilch. they evlde%ced goae understanding for the need ^ - 
to control experiments # ^ * 

c. On the "Bending Rods Int^l^" the resylts. indicated that 
well over two- thirds of £he experlmentar group ^(78 percent) 
understood the necessity far controlling .ps^erlments, 

— - - - - - - S . . . . : 



Itrf 



Interpre tat Ions 



Iffipllcatlons are siamarlzed as follows i ' ' ..^ 

1.. Slxth-^grade, middle-class chllfiren^cpn woVlc constrictive!^* 

efficiently, arid with enthusiasm over 'ah, extended •period of 



'Mm 



tlae in an envlroranent which encourages student autonomy* , ^ 

2. In a free-cholte environaent\ children can learn about cpn*^ * 
trolling variables— an area*t?hich requj^res ar^ advanced .level 

» of logdcar thinking. \ i ^ 

^* ' ' \ ' * 

3r The face that a paraprpfesslonal c^n be directly in^slved in 
children's activities Is extremery Important due to teachers 
Increasingly Asa^lng the role of supervising and directing ^ 
parent-aides ^nd paraprofesslonals in their classrooms, . 



» 4, Perhaps It Is posalbli to expose mote children to science by 

using- supplemental pregrms and paraprdfeasionali in a pa^a- 
dl^ sloilar, to that used In this st 
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5. TRe authoM conclude ^hat^ the more Irtterestirife q'ueaftlen con-' 
• eerns the anoiint of grovth chlidren night make If they' were 
^*§l|Q.:gft«iingful teaehe^-led^a8|rQam t^leAca and . . 
experieBces like those provided Wy the' Science Eflrl^toent 
Center, S " ' ' / 



■( ■■■ 



ABSraACTOR'S^ ^ALYSIS , / X 



WHttm Revopt: Jt is obytoua' tf a reader of- thli study 'that? a' tseaen- ' 
dous toount' of Infomition was^cqliected, Among Che, authors '^ pyrposes 
was an ejipressed interest tto eatabllah baseline datia for subsequent 
•tuj^a. Meeting that purpose could well be the most iBportanti' outcdne 
eithe Ihvestlgatlen. 



The vide otapea; on-site obser vations, and attitude sutveya,, ^pr exmple, 
pVQwidm data which Jre ^Interpstflng but In-and-of. 'thenpelvA are not ^ 
alwaya quantifiable -'inta def^ndable .concluAona. The btservatlon- that 
about one-thlid -of'the children forked In pairs' Or trios Instead of 
alone might not lend much te^ this pa'rtlcaiar study, 'however, the- obaee- * 
j^«€i©n could' form the baslg fo^r designing W In-depth study on group 
iBtera^tloh in a £xee-jchelae enVlronsent, * V ^ * 



One of the b^sle problems Itt.'a stud^ designed tp collect baseline data 
Is enqountefed with the vrite-u^, \Mueh Information is generally 
collected, ^tenuscripts submitted to journdl^ however^ typically have'^^ 
ratheT-^Bttingent limiti oh length. Th'ul, critical decisions must be 
mkde on what^ to Inelude and what not to Inclufle* The authors of this 
article did a goad job "of provlding^^ppwprlate and Interesting Inf or- 
mation* FulfCher, it appears that the, study*s purposes were met* Since 
.the purposes were stated ii^ very , general teras, however/ the invest Ig a- 

lion laQto ^the^ "tightness" of an raplrlcal study designed around 

. / . ' ■ s . ■ " . ' * 

specif ieally itated research questions or hypotheses, ; ^ ' 

The diagrmai on the student ^activity sheet, report form, and equipiajint ' 
, used in the written teats help the reader understand the narrative on 

, * • • 16 

2f) 
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scadure. ft is noted r l^iverp that the ^equipoenf^eslgnatad by 



capelon for JttN Spheres te^i was actually that for the tallodn . ' i 
^ ^^P^^ ^5^ vice vefsa. / 



ResiO^f^^^sim md VatMitu.^^ In- order to evaluate a research design, 
it is ^fcesiary to e*emlne the ptfrposea of. the study to^deterolne if' 
thl^^ purposes ba Mt the 4eslgn employed^ Given the generrt^* 
sttura of the purpoiea'df cl^s investigation, one must eonclude tl^t ^ 
the da^Jgn wa^s dd#quate.^^ If there is a fiaWp It is most directly 
reli^Ced |o the- statement o^ purposes. f*^ \ ' ;^ ' 

^ The use of a* eounterbalaneed order in pretests and posttgsts for both 

....... 0^ - . _ .... . . i . , -. . . ..^ . ^ , __ _ ... a . . / 

Qpotrol ^nd e^erlsen^l subgroups was 'a .sound' procedure, Md given 
J ^Xnm natuM and organization of the data, the auth'brs' use of riftt- ^ ' 
pa^paetric statistics (ehl-square and Mann-lftitney U Test) was very 
^ approp^riate^ A Afferent ©rgiml^atlori afr data might, hav^ allowed the 
ES^fter^s^a^Xlties* Xhe ^reader ftiteresiiid ^In 
statistics is referrgd to the basic test *by Siegel tlSSb) . 

^ J* 

tifotti were^made to establish some degtee of validity for the s^dy. 

This wai dose primarily thrdligh detenalnlng lnte«ater reliability / 

la scoring Student rasponaes on, the written tests. No information 



non-parametr|,c 
95 



is given on the tests' validity and ^reliability, however, fiince the 
tea^s ^sed are refaranced to earlier studies, one. could consult those 
rafarences for further Inforaatlon. 

Future R^aearah . There is a rfelatlvely good^ody of literature on 
Piagetian-type tasks related to controlling variables* There seems 
to be very little, ^however/ on learning science in free*cholce 
;anvlronsants. - ^ * . 



The ^reader tflght find It difficult ^to isolate specific ideas for future 
research from t^ils article. It sefems certain, however, that nAeiteus 
rasearcfe^ questions and hypotheses lie hidden In the data collected. 
One question is the one posed by the authors concerning growth In 
science among children who have been exposed to good teacher-led science 
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good frefe-cholee experiences. Interested readera might requeat 
"additional infopoatlon and suggeetions from the authors. 



1 



Inhelder, B. and J. Plaget, Growth St Logical thlpklnR from Childhood 
te Adoleseencft^ NtfW YorH? Basic Books, 1958, ^ '"I ~~" 

, ..Llnn, M. ; B; Chen| and H. D. Thyr, ."P^^raonaU^'afclon In Science: 

Preliminary 'Investigation at the Middle Sffhhpl Level," liiatrue- 
,W' tlenal Science . 5. 197fia. ' » pr -f 



Linn, M. ; B. Chan| and H. Thler. "Pirsenall^iitiorf In Selene^ 



tfe Taach Chiltfren to Interpret Experiments,' 



Can 



Nev YorkV KcGrav-Hlil. .19567 



Paper presented at 



f.J the Jean flaget Soelety Meet±n&^ Philadelpbje,. 1376b 
;ilegal^ S\ Nenparametric Stg^atlcs' for the Beha vioral S^ieacis. 
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Cracker, Robart K. | K^f^ R. Bartlett;' and HarriL Gv Elliot. "A " 

Ccaaparlsen bf StraeCured and Unstructured Modes^f Teaching Science 

- Proceas Activltlas," jQurnal of Eeaearch in 'Sclenci Te aching. 13(3) s 
- Tr-r.--.a#7^4^»7fr^- ^ ..-.^...-.^^ . . 



DMerlptors— *Activlty Learalng; Educational Reiaar^; 
t *Instructl©n| *Physicrt Jcitncasi Seienca Edupatlon; Secondary 
^ Educatloni *Secondary School Sciencar^eachtng Methodsi *Teach- 

Ing Techniques . ' , 

ExpandrfS^abstract and analysis p'repared especially for l.S.Et by 
ptfafl^ ZollmaGp Kansas State Unl^^rslty, 



PurpQsa 



This study investigated possible inte^aetioos-tetwean teaching gtratagles 
and pupH ^haraeterlstles* ' Two teaching arratagleSp structured and - 
imstrueturad, were. usad in ar^ attempt to answer two resaar eh 'questions: 



*1. 



Is ^ there a dlffarence betwien the two teaching medba In terms 
of the' following: - 

(I) AchieVamant of science process objectives 

(II) Preference for teaching mode, 



2. 



Do significant Interactions occur batwe'en teaching TOode and 
each of the following variables j again /with achievement and 
prefareiice as criterion varlablaa? 




(i) Sex . 

(II) Intelligence 

(III) Ci^tlvity (verbal and figural) ^ f 
(Iv) Personality (extroversion, neurdtleism, dependency) 
(v) Socioeconomic status 
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Rationale 



Elementary science curricula developed l^the 1960s and 1970s focus on 
pupil activities which are tfied to teach both the content and process 
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of •ftlenc*-. Tffe tenn "activities" can be defined in a varlety^f ways. 
Pupils who follow, n list .of expllct'Cly stated »teps are performing 

MTB glvan equipment and cald to ei^loira anything about a phsnomeMn..- 
In between thesa extremes are many variations, ori^the theme. 



teaching the process or^elence two views of instructlon^can be 
clearly defined. The proponents of one view state- that the proceaa 
Is a set of skills and operations vhleh can be taught as many other 
skills and operations are* Cpnslstent with thl# view are aetivlcles 
which are carefully ^controlled >y the teacher and which lead to proeeaa 
skills by practiced On the other hand, one can vlewthe process of 
science as open-ended inqufry, * Many instructors believe that the most 
appropriate way to teach this approach to the sclentlf ie process is to 
allow pupils thi opportunity for openiinded Inquiry Into natural > ^ 
phenomena. While u nder takine -thesA iTivf^gV^gft^inn^ pypiig will, without 
teacher control, develop ^their own akllli and leBm first-hand about 
%the process, of sciences' 

In inveatlgating the merits of these twb approaches one should also 
consider general studies of teaching strategies. Much of the research 
suggests that ^ifferent^ typas of pupils may prefer and/or learn more^" 
effectively from different types of instructional strates^les, Varlablef 
such as those listed In the research queationa stated earlier may 
^interact with the teaching strategies* These Interactions can b^e 
present ih ajiy Investigation of teaching strategies, 

Crocker, Bartlett and Ell'tot combined the above Ideas and investigated 
"the effects of different teaching, strategies In the context of process- 
oriented eleMntary science activities'* and "the possible interactions 
between teaching strate|ies and the [pupil characteristics] mentioned," 



Research Dealgn and^Procedure 

* > 
Four classes of grade-six pupils were the subjects for this study* 
Each class was given two treatments— one structuredCS) unit and one 



UMtruetured(U) unit. The units were I'taodlflei from a process-baaed 
eleaentary science curriculum developed by one of the authors" amd - 

belew* BUimarlzes the treatments.*. 
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Class , 


Week 1^ 


f 

Week 2 


f 

Teacher . 


I 


S|B , . 


tJ^D 


1 


3 




S,B 


1 


3' , 


U,B * 


S,D 


2 


4 


S,D 


IJ,B 


2 



k IS^ltem test whleh deterolnad achievement on underatandlng the .jroeesa 
©f science was^ cons true ted by the author^ and was used as a pre-test and 
post-test for each unit. The reliability and validation of the tests 
were determined prlot to the study. Independent yaclables were measured ^ 
^wteg-^rt^tlTigrlTwantOTlresTfor^^ 
*tlve, thinkings and dependenee praneness, 

^Itlple linear regression was "used In a mode essenjtlally equivalent to 
s series of tMO-vay analyses of covarlanee with posttest as the crle^rlon. 
pret€ftt and lQ**,as covarlateSp and treatment of each ofr the other 
Independent variabTes, In turn, as predictors," ■ ' 

To measure preference a forced-*i*SlSe scale was administered to all 
groups following the treatmint* 

\ ' 

Frequencies of preference scores were cross-tabulated with each inde- * 
^ pendent variable and' chl-square tests "applied to the resultlni 
contingency tables ^" * * 



Findings 



The raw scores showed higher achievement In the structured mode. How- ^ 
ever the statistical results indicate a strong interaction between the 
treatment and the class. One class attained a higher overall mean on 
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th« achievement teats and pttforaed much, better in tlie unstructured 
tiode, Tha authors cQnelude that this class-treatmerit. interac^on 
eda^^Mte^ the answer^ 



r 



Thfi reauits iat preference, tdward the structured mod© were eomplicatfed 
by this same type of 'Interaction, ' * ' 

* ^ '\ ^ ' * ' 

TOe exaninatlon of the Interactions stated in the research queationa resulted 
In the Identification of bot'h main effects and Interactions, The, main 
effects were IQ» |ocloeconoralc status ind sex, The first two of these * 
variables were In the, usual direction, while f^ales scored higher than ^ ^ 
males, Neuretlclsm displayed an ^Interac ex trovers ion 7 

dependency and creativity did not, 

, ..V. ■. .. -^^^^ 

-^ Jata^rat^ition^ — — — ^ 

.One elvs was clearly different from the other three In this study^; 
Yet J the only measured difference was IQ, which was controlled in the 
ana^sls. The Implication Is that some unmeasured variable. was 
responsible for the observed difference. The Investigators speculate 
thar iome^characterlstlcs of 

on the effectiveness of certain teaching modes. These group charaB- 
terlstica "may have some Influence In the decision to apply particular 
teaching strategies.'* * * 



ABSTRACTOR' S^M^YS IS 



The effectiveness of different teathlng strategies has been the sublect 
Of many Studies In science education. However, until recently most 
Investigations have concentrated on the effectiveness of teaching the 
content rather than the process of science. With curriculum movement 
of the 1960s investigators and teachers have .Increased their interest ' 
in process and reasoninS skills* The^ research by Crocker, Bartlett and 



ELl^e is one of aeverili rec^t efforts to. contrast meth^^^ of teact 
lag seinec proeeflies, " 



^H^*S*Ci«»Sp laelud^ jtMs ©na,^^to„ taacMag strategiaa^^ 

tha learalng a^pe^anee ^ The baglo quMtlon is I Can stuaentg 
lean the pM^ass of selenee bette r by to aicpartoentlng 
sir hT f alli^rtag aid praetietog steps fpM^iafed by che ctteliiirt !to s t ^ * 
Iwastlgatlans prdvlda dlff«mt tMcUag strate^^ gain^ 
la uadarstandlag tba seiantlflc pracaA, la addition t© this tassM^ 

varloua studaat attrlbutaa and imdarstMdlag tha pr©eass o£ sdLaaea. 
TKffy Kiva" als© loqkad at ralaciaaa^atwean tha^ttrlbutas and frafaranea 
far str%icturad or unstrueturad laamlag aKparlaacas, This tavastlgatlon 
"liarr^thasr^iMr^ 

' are ralatad to laaraitog the preeass of aclanear . _ . .^^^^ — 

salactlag an inslrumanc to maasure undarscanding ef tha ^selantifle^ 
praeasa ana ttust ba coricarnad with a built-in bias af the instrumant. 
For aamip la^ this invastleatlon maaaurad mtudmntm^ ^Xmn^i^^^m f^m 



praeass af scianoa with an achievmmt test ^lah was eraated by tha 
^vai|tlgatars and basad on an Ihstrimaat produced by AAAS# Tha 
tasaarclSra ladlcatad that tha reliability and validly of tha tMt ^ 
vara astablished* Howavar,' they -da ngt discuss any bias whlah the MAS 
- tyst iaayrhava- toward tha ^^^^ — 
Approaeh ^ ^ f 

This paint could ba^partleular^y important b€causa as dlsoussed abova 
tha authars divida views ofTha proeass of seienct into "tha S-APA 
sansa, bb a set of ikllls and operations" and "relatively unstructured" 
in^ulfy, Thaaa two viaws ware .tha basis for the dlffarant learnlag 
e^arlaneas dayalepad espeeially for this Investigation* Ona must 

w?3tta.-^M^tlvi-MAS^ fc^u mant ^ maasuras tha attainment^^ 

of skills., "in tha S-APA ^enset" Thus, how tha authors adaptad this 



instrumant for the present study la Important to understanding fully 



TI^ aut^M Stat© that a variety of^aetlv^laa hare cost -^a be 

lAlA W€M uaad dustog this investigation, Tbm raadar la left with - 
|fqto€stl©as "ccmeewliy^ : : ; 

theaa questions arei : * X 

f(we-the strnctarad^roa^tiastirt^ ~ 
swunt of time to co^lete eaeh aetlvlty? 



EKLC 



How did stiriients to the unstruatured elaases toow tha 

^lijlieTlvair^^^^ ______ 



HSw did teachers to the rastructurad classes respond to student 
questions which would have added structure to the lesson? 



What HmltstlOTB were p la€ed--w=ttieyrfta#ses?"fFo 

if students began invest igat tog a pbanomenon different from 

the one i n ta ttiad p ware thex guidad Aaek? ) * _ _ 



Answers to questions such as these would provlda mora datall about tha 
^ learning exparlencas and a^ 
results and imp Ilea tioni of tha invest igatiofis, 

MbsE invastigations, including this one, show that 3tudants perfona 
better on process of seience inventories after gtruetured rather than 
uasfcructurad learaing axpariances. Unfortunately most resaarchars do 
not attempt to Interpret their results In terms of modals of cognitive 
^^'^^iop™^^* If viewed in terms of thesa medals, .this abstractor is 
-not- surprised^ thstrst^dants^^w^ 

understanding of 'the p rocess of ael encg. ^ - 

________ jj-^ . ___ ^ 
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to i^tAln knowledge of thm sclezitlf Ic preceemfrom m mattuctttied 



te Imild a ttodal off their proeedurtg, . ' 



quntiy bg^d ttiair cspabilltlas. Ta TOd«st«ad ©n#'s cpim tmaioalsg" # v 
prntimros raqulrag 

mttidmtB)^ Wltheut this wadMstAadlnf the students mra tmable t© 
riiliM tlST^tfii^ have partiHpete^^^ ^ i process *and7^S^ * ^ 

likely to assign their activities to a geaeral model called the process ' ^ 
sf^clfflwr^"™^^ ^ ^ -™ ^-^^^^^^ — '-^'^ - — ■" : "™' 



Oft-«ie other-hBa »^studtfl^ff^^ar tielp^ 

tel im^iosed on Chen, they probably are not told that they are " 
-perforMng process skills. However^ these structured activities will 
not include false st arts and seminglv random flefriviri#« nhnm^mA 4^ 
an unstructured experience The need to invent a process modal to 
separate the useful procedures from the son-productive ones is not 



necessary. Students In a structured act need only revlw how the 

process works because a model is implicit in everythlni they do\ 



ThesA last two paragraphs represent this abstfactor's view of ths 
research results into the abilities of structore and unstructured 
activities to transfer knowledge of tht ptocess of science. Farther 
studies are necessa^ to se# how well models of cognitive davelopment 
fit the data on process skill attalnmant and retention. 

While tha results re|ardin^ on process ^llls are not . 

aurpriaing^ aiw t^g-^^plioa^ion^e^f-^roake 
results is,. The results ^implied that some type of interaction awon^ 
membars of one group was far mora Important than the interaction of 



that tb« gtotip dysMiM @f one class rwultad la lauch diffarent a^ievc- 



t?*^^ both MSfa«h ttd taachtaig tte groef M^^^^© 



■ - *i ■ 
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Omtabe^er, Joho. **Oev^tvliig Dlverg^t-Pro^uctlW Thiflfcing ia 
r m^^tATj School ChUdraa Ifstog AKtrlbaCg Md Probl^." " 

Jeriaml of Basjareh la Science Teachlai^ . 13f2); 185-191, -1976, 
0^.e>^lpwri^?^rr±cultm;^^ 

„ r i^fc^l _S€l#oe#; Gefterftl Sclmcei, ^gedq afclTe l h-ffiM^g ; g^^eti^* 
: EducmtloQ " 



PTOdeiL^ste AC£..^d-. malysis:wwa^d^esgeelaU?^feg^t^ 

W^chael J, PadlUa, Oftlvtrslty Gaerglm, ' ^ 



Tbm purpoM of tha study was to test ths effects of Att^lbtttc Gaaas and 
TyoMtei" ^on tBl divilo^^ 



#lMtttary school chll^tn. 



-aatlonale- 



ElMaiitary school curricula are avallahle which allow students to work 
with materials under a variety of clrcimstances a nd orobleffl setftfagg, 



One such unit Is Attribute Gaoes-and Problems (Afi4P) produced by the 
Elweata^ Science Study (ESS) . This unit gives children oppor- 



timlty to vork out different Massif Icatory^and M 

tloms to a set of probless which use ihapes of different colors and 

siMs-«s Vmed itai, The-eKerclses-la -A 

and attitudes I one aspect of which Is divergent-productive thinking* 
It is this divergent-productive thinking, defined as tha ability to 
produce diverse solutions when faced with a problem j^whlch is the 
major concern of the present study^i^4 - * . 



1 



---^'--^--^ - - -r ■ ■ - -- ^ - - - ^ - §^m^ - 












Reieareh Design and Procedure ' ' . 

... . . . - iP,^„ 


: ^ ... . . , . 




Two claasreoms of fifth grade students 


were. randoaly selected from all 





the fifth graie classes In onf selected school district* One class was 
lyindomly salee t^d as the ejcperlraenta the other deplgnated 
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mm tbe caatrol. ^qb jilthlii mm^ class 10 (iubjeecs mre rmdnl^ 



^Mtsj^ m« tlia Ifidepmdrat trarlmbl^ L^^rl^ital draining 

L^i?ol^4.^«8ioM 45^^!^^ to length e^e££jJ d^^acutl^e-seliool 4a7S# 
erotrol gg^up reeelved rafular J^laice 1^ the g^ia^ 



^ tihe period, Kils regular ^structloa^vas aot described. .The e^erl- 
antal treanenr craatated of 26 actl^rtes with ia&P aatellias uhlch 
aa^ atudanr c^^letad durijig tha sessloaa* "The axpartoeftfial actlvl- 

: tlel^ere desi^a^^a di^elapr smtal^^^a^ calltog upan dlvfergpst^ 

aetlvltlaa vera the actual preblM cards fros the i^P mattolals or 
neirly wlttM sctivltias. ./lor^W W studints^rked 



ladlTlduallx or la mall groups | ^atherithe students Inttarftcted with 

ich"^a thar'niLfiNDM^s my' maacBH^urtor 

^^>ortant ardar to t£a tralalnr actlvltlesr ;tta e^arlsOT role ~ 

ter guldrHtha^studencs without^ 
In their profess r — ~~ — — ~ — '"""^ - ^ 

The Torrance Tests of Creative Thinking^ Verbal F^ct a mnA Vi^'^'^mi 
form Atwera given to both thi earperlrontai and control groups Imme- 
diately following treatment, tte author states that ha used a posttest 



only control group design. 



R_ X 0 
R 0 



Findings 



The null hypothesis that no difference ckIs ted between the groups was 
rajeoted for two of the Sevan ^subtests on the creative thinking test* 
The flgural flexibility (p <.1Q) and flgural originality (p < .OS) sub- 
' tests proved statlitlcally sl||nif leant In favor of the ^experimental ' 
group using student's t-values. No differences on the other five 
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Scares f er aach 



""•"^J^^^*"^— — r—v- ----- -- - - - ; ; —-r y - 

I^€;Utt 0| ctmt^^Qtmif mclmcm baterlal% such as Attribu te Gamas md 

SB^la 8l2a and with treal^itt extended evsr a 4;aagar tlse parlod^ 
wre slgnlf icrat raaaarcli results might have accused* 



the present short-term training deslpi teay net^have hera the optlsisa 



ttes^^nt, especially for* detemlnlng latent mergence of divergent- 
productive thl^dLng* Ferledlc use of attribute blocks over a period 
^T^iSSiik Y^ii^i^ anothiF^ sitaatlOTi taiora to the author produced^ 
rtvlotis, bur mirecorded^^uft of tte^ th^ktog sMlIir^^^^ 



^STIACTOR'S ANALYSIS 



Students- abilities to understand science facts or 'apply scientific 
principles Is a sost comm fiodus of research on^cuirlcuiar miterlals« 
This study adds an^^ dimension te^tlW ifierature by looklng^ at 

cognitive outcomes from a creativity standpoint. DlvergMt-productlve 
- thlnktng-ls- an^lmpowtant"^sp 

Ingp describing, generating hypotheses^ Identifying variables and Inter- 
preting r^ults'are production-oriented skills i*ich require creative 
and divergent thought processes If used properly. ^Few studies have 
attested tp measure the ability of science currlculwm materials t© 



train this dimension as has this study » 

The author claims to have employed a postteat-only control group design 

groups. However^ true randomization and thus theoretical equivalence 
of groups was not obtained or established. While randomization took 
place at each selectioa. step ^^suh J were not chosen from the same 
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Bather d^^gan seiwted ttw tmm imikt mlmmm ani 

controls tthk Mo^mt* Could siQr mfmtmsktic eff^t to tmkchmT 



powibOt^y e#Mat-^ igaoredy Had the s^^eets: bmsa^pretest^ tt&ng 



1974) su^asfts thla procadur#_and atatas ^thi^praetlea 
^ft*^h«ra n©fr^ provm to ha a prohi»» Other viuJta&iaa sueh as IQ 
aight haya hem ysad as effective covariatas alsop thus furthar^g 
elalas^of aqulvalenca. ' ; 



The atat^ aims of the outeom^ measura (5@^aace Testa of CraaCJLya 
Th intln g) appear to co^clde wall with this studj*s desired outeosat 
diyergent*>produettve thlnkirig^ For riders not familiar with this 



Ins'bnxaeaty a hrlaf smnaty o£ aach of the su^ests Is a'.neMSsltyp 
sl&ee a hasle tmderstaudli^ of would be prerequ^ite far Inter- 

preting'the two reported signlf leant differenees. The author did not 
provide siieh a sutaary, xBe also did not attempt to Interpret these 
differences beyond a genera^NW^tement that AG4P might e^anee 



sight have been his thoughts regard^g the relatteashlp bitween the 
results and the kind of nraeeas gktll fehinklfig r^^r s^f^tii.^ 



teaehers wish to promote* In addition, the resuxts v^ld have proven 
, sore ^aalngf ul had a retention test been administered. After all* 
training whi^^ ig ©niy maanSgfui if those abilities^ 

can be malntalntd over time. Too, eertaln dlvergent-^produetlva think- 
ing skills mlght-*^ftl^ emerge some time after initial trainlngt 

(hie partial (and parhaps Slaved) explanation of the results foliowSt 
Assisalng that students worked individually on the 26 aetlvltlas and ^ 
that there was little verbal interaetlon regarding solutlonsj it la 
not surprising that the experJ^ental group^s figural and not verbal 

" t!rtBklng skliis showed improvement.^^ The AG&F materialsJaf a figural 
±n fiBtuTm nnA if msi\tnm mf^nm& rhr^- f hey ^-^ght produca rceulto in thin 

, area. Perhaps future work ean add a verbal dimension 
if this outcome is desired. Expecting an increaie In 
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|Ce/the materials, 
virbal i dlvergen t- 



i 



thAa %Wll ^p^rs b€ m long mhmt mt hmmt. ^ ^ 



a Mrloofl laek of Inf oraatlan amd/or description Is at tines battetsome 
to the rMder. tftat preeisely ms the tr^amentf How does thii' author 
j ategge t the jre stilts? fftot is the asaiiigg behin d each sj^est cm the 
outcma measure? ttis re^ewsr reaiizM ths space eons tralnte plae#d 
on authors by Journals ^ but £jtll descripticms ot the trelttiients aa^l 
results are^solutely nseesaary to i^j^F understandtogt ^ 



Lastij this reviewer veuld urge ^he author to replidite the study with 
a larger popuiationp if this has nat already been aeeo^lishtd* In 



addi^iooy a TOdlfteat^as of the" treameat sa that studegts can work 
with ithe materials over jl longer time period Is necessary. This can 
be accoi^llshed by giving the treatment tw days per week^ Interspersed 
=with-«gute^lmHSCT^^totrTCttenT~irCT 

•preductlVe thlnklnp should also be included as well as some pretest 
jieasurt .mcb^aa/.the..I^ 



HinRtHCE 

Tarraace, E* Torrance Tests of Creative Thinking . Norms-Teclmlcal 
Manual, Frlncetattt New Jerseyi Personnel Pressj InCtp 1974, 



f 




Mwklsy ^jmm sai Willlw Caple. "ihe Sf f ectg^of the Poeit 
^Z—^ ^^W<r%t9r»^*College ;^Sclence; *Edx»ca£l«nal JlssMireb; ^|ber 

e. R^llU^v tte TOlv€rsliy ©£ Calgary . " 



Ifii ^pSiS^di the KarUe aad Caple atudy^^ to assiai^the apfU^-^ 
*W14^ ®t tossttad Mth«agmle quastlona te m aeti'9'±ty-«ataMd 
TiedalrTratfcrti^d"^^ 

is»tnetlffi , Thi« -st^y airalwtad tha dlradt^tralWMt) tad itidlraet 
-f^sfeUanttlt-laaraing^iffrttsn^^^ 

Cqyaatlons plaaad.aftar aach activity) OTong four matrlc-measuramant 
aatlvltlaa da^^ g with tha "pifoM ss/' ^'i^f^^ rh m^^A 



VOli 



l(|p>'* mi "accuracy aad praelslan," 



Ratlonala 



0 



Pravleus Mthamaganic bahavloi: stWles have Invastlgattd Inseftad Cor 
adjunct) questions placfd either before or after se^enta of prose In 
tarM af kaowledga*recall test Items, Very few Unvestlgatora have 
raported mathemagtnle-questlw Studies using an Instructional medlm 

^-.y.-^:,-,.-. , ^ * ^ . 

other than typleal prose and faw have avaluated students In terms of 
aomprehenslon test Items, 



laarnar's attMtlon to speglfla Information contained in the tent 
and needed to answer subsequent test Items. As a consequence, a 
questlpn'^befQre-actlvlty traa 
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a niMfiifnt cmc aeawjrtng direct laaratog'of &el€ir^t) laibrastlea 
p7C7lM»l7 aBk^^duriag |ascry€€lm. ^ On the ^^er ^ad » posttiiafttlTOs 

pMMiter pi^^sl^^M iBt^li Mg«d, If ^^^^^^^ 

en'usmir qpi«tim# at c^^^ pMse^or leis^^ the iaara-^ 

*^ ths studmt fails t©^ thssa 

insarfced pestquMtltens, the laapprapriate readtog pMeMstii^ used are 
not rAnforced 2nd sore appraprlats pro^^ses are Ufcely used during the 
^M^S^ j^j-?hg seat 



pefts^estlons aip partleulacly ef featlve to helping studrats rra^er * 

.Jf^tual Informs questl^s . As a ^©nse^ 

^ . > . - . , .... , ■ • . • 

qumce, a questlDn-afta^aetlvlty treatBent should result la higher 
scores on a suhsegueat teat se^ indirect leading ef Cjnrfdpnfill} 



tofarmatlon not asked for durtog tostruetlon, 

* . '" * ■, ^ 

* ; ^1 ^_ ■_ 

* ■ ■ , .\. ■■ - s— -- -- - -- -- - ■ - : - - V.^ 

Restareh Design and Procedure , « 



iSty^erpl^pestrrfee fe^ at ehe University of ^Georgia ^ 

H^re randomly asslgiied to either a prsquestloa or postqusstlon treat- 
^^^ V^^P^^^^i t» : and-^^per f ops^- #-taeasurEM sodule lacludtog 
a rationale^ a list of performance objectives and four **enAlflkg*^ 
i.activltl£St EMh ^activity required ahout 15 minutes to CQmplepfe— JjD 
minutes of which/was used for such activities as "measuring the length 
of the roomp the volume of water In a Jar, the mass of a lead weighty 
estimating .different dlm^sions of given objects, and estimating the. 
accuracy and precision of mMsurements." Subjects were Informed about 
the accuraey af thmir mmastn^^r^i^i'm ^gf imafrs- frntn rnrdo attached 
to each evaluated object. The two treatments were Identical except 
for the position of the Inserted aathemagenlc questions^ related to 
each activity* Kie prequestlan group ^isp^ags^ted with these multlple- 
ch^ce questions befor^each actlvlfty, irtilie the p©i%tques^^ greup'wai 
presented wlLh Lhc some ^u^silons af^er e^sh activity, in othe 
the Inserted-questlon position was the l^ndefe^ndent v^*i'#bje, xh^ 
deperident variable was a 40-ltem^ raultlpl^eholee tegr consisting of \ 

^^^^^^^^^^^^^^ ^ 
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g?0up« In of lelwaat or loeldratml afilii^»mt l^teatad by 



/ 



^^^^^^^^^^^^ did not d^onstrate that a praquestiott 



Cast ItCTs, This latter finding was clear 1^ Inoonsistant. with RetTikQpf's 
Mthasagenie mgdal^ Parhapa this sedel is of l^ted uiafulness and la 
^moTm geaarallzable to prosa and leas applleabla to manlpulata lab-type 
c^aasrooa aetlvltlesj as cautioned by Itoran (if 74), These negative 

.intaraat In the instructional matarlal and to faellitory salf-genarated 

» - ' ■ .... - ~ ^ 
^S^fM^?„.?*M(^ Jh^^^ „ ^ ^ 



EKLC 



ABSraACTOR'S ANALYSIS 

*^»=«W-wl#tan=«ttidy-t^ras 
the ppaltlonlng effects of Inserted quastions on selance achlavement 
from non-prosa instruction. In fact, othar invaatigatdrs working/with 
aathaBaganle aatarlals ugually COTparafl traatment variations of pre* 
and postquistlolfia with llttla eKpressad interest In the applicability 
of Chair experimental findings Co learning conditions found In the 
classraomi Instead, laest, researchers evalyatid verbatim (word by word) 
Inatfted queitioni adjunct to prose passages in terma of verbatlm^^^g^ 

— ----- r-T----:--^ ^.-..^.^3^..^,^.,..-;....,^ 
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*^ P^™»ttc<^0£ ewfMp ttese MthMagmlca ^tydlesitwa laid m 
•cifeee leM^y aa tarla^ Wllsen rod Koraa C1976) dasera e tha^fw _ 

• . « • p = -• • 

presmfc study daalt irtth*lsdtpendttt and dtpettdant varlablas that * 
m£€'^i«a&l6a4lly daftud and ioglQally jfalated %o ots m©thar. Such 

aUawEd raadars te cafipr€hen#the nature treattaant amlpulattlons 

and ttC^ TCMurad eritar 

flings la parspactlve with ot^|je4tad BathCTaganlQ vorto Cmll^ a£ 



af sore wceuL sLudltts ^^larly suggastad that Insartad quastlens 
appaarlng^bafora aatarial had a faeilltery affeat ©n ralavaat achlava- 
MPt but failed tp^aahasc t Incldmcal aehl^teaot (set Rox^r^^lSLZB^wfaQ 



dascrlbad an Important thaoratlaajfe axaaptlen'ta this gantrallEatian) ♦ 
On the ^thar hand^ racant studlaa (mora recant than thoaa Qltad In the 
praaani aStlcla) suggas tad that adjimct quaatleni appaaring after 



Mtarial eaq.hava both a dlreat Crelevant) and Indiraatf Uneldantal) 
laallltatl^ N^f^act on laamlng*- Yet Marfcla and Capia « a ravla^ of 
the aarlier llteratura ravealed that poatquestlens urtilly had little 
dlract laarnlng affect but greatar Ifidlract affacts ralatlva to pra--^ 
question achlavament* Thaia rasearchars acelirataljr pradlcted (from 1^ 
thair analysis of ^^^rllar theory and rasaarch) that praquastlons eta 
"nrasulr in higher scores selavant cast Items, while peatquestlons, 
can result in higher scores on Inctdantal test Itams. Today, a mora 
raasonabla prediction would antlclpata both praquaftlon and poatquestlon 
trestmfnt graupi QUtpaeforalns a nn-^uastlon,^fttraLy^ro^ 
^"•^^ B^l^^nts were "praperly" strueturad and tha Inserted questions 
vara directly relaJitd tQ^.questlon-ralevant information avaluated by C 
the final Achievement test, aceording to McConkla 77) * In addition, J! 



^^^^ ^ Cspt* 4m i^ate a ccmtpttut^ des- - 

c^ibl^^a^^a vmM-imtin%i sat ©f lns«Md questions dlf firMtilly ^ 

aad^ das^ltl^ tWs potamt^lly powarfut toitructionii taehnjLqutf 
en bf rtrCMr ^»luatad :ia t«mf of todmy^s theory sad raiaarchrf ' Tba 



emtrol g^oup-^tbrn .BBmB^ dBfrn^t Ideatlfled'^la many ©thtr mathmaprfle. 



fluastlon atudlmf ^dasiii^ of tW^ design, Itoltation, 





ttirbasa-lwTOl^of^pfrfOMktttfC'^ 
f jreb sub j aoto noCS^e^^^g an aipar li^ntid aanlpylatlon > the totwprs- 
t ptlo n-o£-parfoma^a%by^^^ 

iarly maanlngful whtn evaluating studies reporttag "@o-diffarenees'* 
bttireen SOT e^l^n tal tyeateents. Thet^tov4^ m added control g roupl^^^ 
Iscori^orafad into tha. prasant *study *s Idasign woul< hay^ astabllahad ^ : ' 
to fact wbather subjaets In aither question .treatoant laarned any new 
^aftttaa^B « a 

aanjterad scianca module. ' ^ 



Insartad-^uastlen raseareh raportfcd^^ur^ng tha last decada iuggasts that 
thasa s^irfj-alds can hava a facllltatlva or inhibiting af fact on laarti* - 
ing froia i^fipee classre^ aaterlala. Specifically to sclenca education 
nf found at tha ind of textbook chapters sometimes hali 

^affiantically encode)'' Information, practlca in reviewliig\and ratrlev^ 
ing sain idaas* and 4) Mduca the raadability load of th^ adjunct laarn 
ing material. UnfortunatielV, the aaiori tv of study gu^mrie^nm m^^^^i^ 
In popular science books probably falls to affect any of these learning 
procas§es, according to a raeent dtserlptiva study (Holllday, 1979), 
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In thli. regard^ future ras^arch efforts should tak^ into acebunti 1) 
tirt. insertad-.questlon variables likely t@ Influenea achlavamentp and 
2) two daalgn flaws found in question studits. First, the two varia- 
' bl€s llkaly to facilitate quastionlng effactlvanass are question 
^ timing and question according to Mderson and aiddla C1975) . 

Generally spaaklng, the shorter the. time between whaA students read 
the "targetad". inforaatlon and answer the relevant Inserted question » 
the greater 'tha likelihood of higher aehlevemant scores on the final 
test. Furthermore I the mora similar the wording (verbatim style) la 
between the relevant inserted. and teat questions, the greater the 
chance of higher achievement. At this point, a cautionary note is 
in order, THa greater the student's reliance on temporary memory and 
bTClmniTCading^of . words, the greater the chance ofr raduced l^rig* 
^ term memory effects, kdcordlng to Threadgill (in prals) , 

Second, ffw students participating In inaerted-quastions studies ara 
abla to maxlmiza their performance because of the ambiguity of thp 
student task. Including instructional diractlpns and lack of practice 
in anawarin^ suchiquastionSt In addition, explicit and theoretical 
relationships amohg leame^ aptitude^, inserted questions, adjunct 
laarnlng material, and criterion measures are. seldom adequate^ des^ 
cr^ad and loglcally.related to one anothert Correction of these two 
.flaws in future Invpetigations will help ^^s better identify combina- 
tions of variables thac will maximize classroom learalng and reveal 
how learners differentially 'implement and alter their cognitive pr6- 
cesses under a variety of clasiroom cenditionsii ' 



1 * 
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Fui^oae 

The auj|hor'8 stated pufpoae was to examine the relative effectiveness 

:L . . ■■ -- ■ - — -_ - - - - _-- - - . . . _ _■ ■ - .y. -M - - : - . -- - - — , 

I "Nuffield" appreich md a "traditional" approach to the teaching 
of claaslflcatloht for comprehensive school pupils of above and below 
^ average Intelligence^ , 



Hatlpnale 



Claaslflcatlon has been the focup^^f several types of studies over the 
yeara, Gagne (1970) suggests that children develop class concepts 
partly from eKperlence and partly from verbal definitions, Inheldar 
and Plaget (1964) suggest that concepts of class require more abstract 
thinklngt Kaganp Moss and Slgel (1963) have proposed that two major 
cotnltlve styles are Involved in classification. Hence, If students 
do learn classification in different ways and If understanding of 
classification rangas from strict defiriitli^ to an, abstract appreclationp 
thenp any single method of teaching Is not likely to be successful with 
individuals of different ability. 



Research Design and Procedure 

. Ryman suggests that "the data correspond to those obtained from a ran- 
_\_4oMMA^blMks_dea 

techniques can be applied, Using Campbell and Stanley nomenclature it 
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vouW «pp««r thae one could classify the design as either "The Poat 
test-only Contrpl Croup" or "The Static-Group Comparison." Neither 
Is a eo^lecely aeeurate lab«l. 

The prlaary criterion in selecting the 12 year old students for the 

study was that they had studied biology during their flrat year of 

it- 

studlas in Bilxid ability groups. The stlactlon was further narrowed 
In that the students had to have eKperlanced alther a "traditional" 
program of study or the "Nuffield" progria, Four sohools vera idantl^ 
fiad mm ualng the Huff laid coursa of studlaa and four %?hlch psed a 
traditional approach I two elassas were salactad at randoia from each 
of the four schools. 

f . . ^ J : 

Eight claises participated in tha study. All eight classas h^d baan 
taught classification b^ dlfferant teachers* The iU!4 Group Tait of 
Ganaral I titalllganee was administered by RyMn lata In the acadamlc 
ya«r« Students scoring above the maan vmtm asalgaad to the upper group 
and students below the mnm to tha lower groups Thus, a doubla claasl- 
flcation ims estjibllshed. 

Students irare givan a classification taik which consisted of 38 
nurtierad drawings of a varlaty of organlisa, CRyman points out that 
tha drawings were similar to thosa found in the Nuffield Taxt,) An 
answar aheet was provldad which conslstad of a sarles of ractangles 

.... ■ r " ■ 

aach labalad with a group name. Students raspondad by writing tha*' 
numbars of the pleturas In th6 appreprlata rectangla/ Some^ware to 
ba classlfiad Into more than one^ category^' the spider would, for 
axamt^lat be Included in the spider rectangle, the arthropod rectangle 
and tha Invertebrate^ reetangie* Scores ware obtained by simply tally- 
ing the number of cerract responses » ^e maximum aeora was 89, 

# 

Twenty-five students were randomly id^tlflad In each of the four cells 
resulting from the doubla classification of type of program --vst 
Intelligence* Thus, fifty students were sampled from the Nuffield 
«nd-t r ad itlen8l--pr ograms-respee tlve lyr^ 

were representative of the upper and lower intelllganca groups, 
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Table X 

CoQ^asltlon of the Sftmple 

Method of Instruetlon 

TradltlQnal Nuffltld N 

Uppmt Intslllgeiit 25 '25 50 

LoimT IntelllgeRt 25 25 . * % 50 

Normal 50 50 . 100 



The data ware reported in three waysi 1) the raw scores of saeh ftudenti 
2) the mean scores of each of the four groupsi and, 3) analysis of 
variance* These sumarles as well as the analysis of the data are 
appropriate for this type of study. 



rindings 



Bymn's data suggest that the *iiuffleld*^ approach was more effective 

more effective for pupils of below averaie intelligence* The reader 
is reminded that a maxlmtm' score of 89 was pOBSible, The highest mean 
score of 33 was still less than 40 percent correct . 



Upper intelligent 
Lower intelligent 
Overall 



Table 2 
Mean Scores 



Trad 1 clonal 


Nuffield 


N 


28,72 


%,0Q 




27.44 


17.36 . 


' 22.40 


28.08 


25.18 


26.63 



The analysis of variance yielded an F ■ 4/40, with 99 degrees of free- 
' dom* Hence the ratio of the mean square for interaction and that for/ 
irithin cells*is slinif leant at the 0*05 level* The difference between 
the achievement of the up^r and lower intelligence groups was found 
?teantTir^the^OrOt"lmWr* 



41 



JnttypgatatlonB 

€ffiphaslies that any genaralizatlons from the atudy "can only 
ba applied to the iimited population from whleh tht SMple was drawn," 
Ha au^aata that although thara are dlffermcaa in tha ef fectiyenasa 
of the two teaching methoda nothing specific can be stated due to the 
algnlflcanee of Interaction. Individuals may differ In how they learn 
" thara Is no alngle method of Instruction 

that will ba generally effective. As evidenced by the results of this 
atudy the "Nuffield" approach places the lower ability student at a 
dlaadvantage; the V"tradltlonal" approach does not do the higher ability 
student Justice, ' ^ 



ABS'TOACTORtS ANALYSIS 

The primary conclusion made by Rymn la there is "evidence of an Inter- 

mant of an understanding of the ciasslflcatidn of living organisms by 
comprehatislve aehool pupils," He wisely makes the point* 
' hoilirmr, th^t the results' cannot be generallEed beyond the populations 
saapled. Although an at'tempt was made to rMdoml^e the selection of 
the schools and teachers for comparative purposes, It does not tdce 
into consideration teacher^ attitudes, ability and training. Schools 
which opted to use "Nuffield" may very well have a different type of 
teacher* Hence, it may not be the method of Instruction that Is 
responding differentially to upper and lower Intelligence levels but ^ 
the type of teacher who selected the materials, Ryman does not char- 
acterize the teachers in his study. Similarly, data regarding the 
schools and the socle-economic areas they serve are lacking. 



c* 



*Tha notion of "classification" is not well defined in this Investlga- 
tlon* It appears that children are tested on their kpowledge of the 
classification system, not on their ability to engage In the intelle 

^ttial-procMS^^'^lWfflflwrlmi, Thir^oblem is Jompminded by the 
fact that Illustrations used In the classification task were similar 
to those in the NDffleld Text, Hence, It would seem probable that 
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itudanti in the sample had an awareness or fMlllarlty which would 
affact the resulcs, 

KagaAp Moss and Sigel (1968), cited by R^np suggest that individuals 
pereeive and label their enviromaent by three modes a) the deserlptlva^ 
krialytlCp b) -the relatlenal-^contextual, and q) the categorical- 
inferential. Persons who employ the Uescriptlvefanalytie mode utilize 
evert physical attributes for classification. Individuals uttllEing 
the relational-contextual mode essintlally employ a functional 
approach to classificationt while those with eategorieal^inferential 
approachfes infer relationships* It would seem that characterliifi| 

students in this manner as opposed to I^Q, scores TOuld*be more 

* _______ _ _ 

valuable. While It is understood that grouping students accordtog to 

I.Q* is not unco^on in schools, and that this is' frequently intet^ 

prpted as ability grouping, the weakly-developed relationship of 

Instructional modes to intelligence levels is insufficient to justify 

the use of I.Q* in this study. 



The use of personallyAdeveloped instruments is frequently a necessity 
in science education re^^rch. Perhaps the tasks Ryman devised for 
assessing the children's ability to conceptualise are good. However, 
nothing is said about the development and Casting prior to their use 
in this study. It Is unclear as to whether the tasks do indeed eval- 
uate the cognitive process of classification or knowledge of the 
system of classification. The eKtremely low scores (a toean of 26,63 
out of possible 89) could indicate that the tasks are not valid 
measures of what students are learning. Or, it ^ay be that the level 
of cognition necessary to understand classification as being presented 
Is the capability of 12 year olds, Sigel and Hooper (1968f 

coylder- the descriptive-analytic style of particular irapartance to ^ 
cofnltive functioning, A strong case might be made for either Int^r- 
pretations of the low scores. 



Many of the criticisms and concerns expressed above may be a function 
-of— the=-article^fl-brevityr— The--Teaea 

thorough than the reader la led to believe. Although it is doubtful 

■ - . - i:/-- 
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■ . f . ■ 

that «nyone would questlen the general conclusion of the author, 
"The natuife o£ the idiele teaching' approach has to be chosen with 
considerable care, and matched to the particular needs of Individuals 
or small groups," the study does little to move science education 
townds that end. " 
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^ Tmlr, flnchaa. ♦•How Are thm Laboratories Usedf" Jeuynal of Research 
I In Selanee Teaching , 14(4) i 3il-316, 1977. 

»eacrlptor8-*-*Bl©l©gyi College Salence; Higher Iducacloni 
*Inatructleni *lGtaraetlon Proeess toalyilaj^ *Laboratorlea|, 
KedlQal ichool»| *Sclanee Edueatloni Secondary Iducatlon! 
^^^^Sacoadary School Sclsnee ' - , 

Escpahdad abstract and analysli prepared espiclally for I,S*E. by 
David R, Stronck, University of Victoria, y , , ^ 

Purpose ' ^ . - - 

* . " '■ ' 

The purpose of this Investigation was to find whether or not the inquiry 
la^l of the laboratory Increases as students advance from grade nine to 
college. Data were gathered ts answe*' the fellstd.ng queatlonsi 

1. Wiat kind e£ experiences do high school bloldgy laboratories 
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offer at different grade levels? 



2, To what extent are these labaratorles Inquiry-oriented? 

3, What are charatcterlstlc behaviors of inquiry- and nonlnqulry- 
oriented teacKers in the laboratery? * , * ' 

4* What are the eharacteristlcs of different college laboratories? 

•5, How are college laboratories different fron high school labor- 
atorles? 



Rationale 



Moat aclence educators encourage the use of the laboratory as a place 
to do Investigations and Inquity, not merely veriflcatlohs. In a 
"typical inquiry laboratory" the students Identify the problem and 
procedures and perform the Invefltl Ratlan, In a "t ypical verlflg^tlm 
laboratory" the teacher identifies the problem and procedures while 
the students follow Instructions to repeat previously studied work. 

. 45 . » '"^ 



The Msearaher atatadi "As students ptegrtsa in the study ©f seletiee 
from el^antary through high school to collage , their laboratory exper- 
letices nay be es^ected to become Increaslhgiy more lnquiry*orlentad." 



I 

Research Design and Procedure . 

A^^i\f^9^^^^^^^^ Instrument was used in both the high-Mhool blolOKT. 
laboratory lesions and In tha laboratprles at the college undergraduate 
le^el. This tostrisnent ccwslsted of three parts of the Classroom Obser- 
yatlon Instilment relevant to the Earth Science Curriculum^ l^e'., (I) 
pre- lab, (2) actual lab work, and C3) post-^lab. Smith's Instrumant was 
«panded by addrng six categories to the 19 ItCTS of the pr^^" ' 
. lab and four categories to the 19 Items of the lab-work phase. The ,29 
Items of the post-lab remalned^Unchanged, In each of the three phases, 
observations of both the teacher's and the students' behaviors were 
recorded In 60-second Intervals by tm observers. The agreement level 
beti^CT ^the 1^^^ _ 
laboratories and 82 percent at the college level. 

In the Beer Sheba area of Israel 18 hlght^school biology teachers, wre 
randomly selected for observations In a total of 31 laboratories i 15 
at the ninth-grade level, 12 at the tenth*grade' level and four at the 
eleventh-grade level* At the Hebrew University, Jerusalem, four 
different laboratories were observed four times eachi two In the first 
year of studies {chemistry and biology) and two In the second year (hls- 
tolo^.and physiology)* In each laboratory,'* about 100 college students 
were vorklngi they ware divided Into four or five graups, each with a ^ 
different Instructor* EacAobservatlon lasted 30 minutes at the 
University while the high-^hool situation was observed throughout 
the period* 

All of the data from the obsirvatlons ware collected under the follow- 
ing categories I 

Fre-labs (a) Identifying the problem to be invastlgatedj ' 

(b) Instructions for carrying out the investigation.* 



works (a) Identifying the major eomponents of the lnveati|atloni 
f ^ Tiaeher reacting to students' qyestlons, . * • 
Cc) Teaehar evaluating students' perfor^net, 

rose-lab i (a). ..toalyzlng tKe data,.. 

. Cb) Intepjre ting the reaults, ' • ' 

A a Ingle table repocfiad_ihe data aa peecestages for the average time 
devoted to" ea^h phase and each^-tf^Jonent In the different laboratories. 
I.e., for O.) high-school biology, grade nine, CZl high-school bio.logy, 
grade ten, ,(3) high-school biology, grade eleven, '(4) college chenistry, 
(5) college bfe>logy, (6) college histology, and (7) co llege p hysiolo gy. 



The researcher dees not define the raseareh design of this study^ But 
he does observfi "Only gross eosparlsens could be made and no attlmpt 
was made to employ statist leal tests of sl^ifleance of dlffermees," . 
If Tfe eonslder the treatment of this itudy to be the placement In a 
^^ra.adv«cftd^ grade Jeval p-th 



deslpi df the Static-Group Cosparlsoni There were^ no formal means of 
Mrtlfylrig th^t the groups weuld have been equivalent without the treat- 
ment. On the contrary beeause the groups differed vldely, the researcher 
correctly assumed that h^s analysis of the data should- be limited to* 
"only s>^oss comparisons," 



FlndlnR S ' 

The data demonstrated thafr In the-'nljith and the tenth gridaSp the pre- 
lab phase takes a quarter of the tlmei the actual laboratory work, about 
two-thirds; anf the post-lab discussion, about 9 .percent of the ti^n , 
In the eleventh grade , the pre-lab was .reduced , to 6 percent of the time 
i^lle the post-lab discussion expanded to 29 percent* The teacher Is 
^ the dominant flgum In the pre-lab phase withMltt^tf Input from the 
atudents In grades 9 and 10, 
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At the college level, there were no post^lab dlscusalona and no student 
input during the' pre-lab*discu8^4<i|is^ The tine devoted to thr pre-lab 
phase was peiltlvely related to the conplexlty of the task" and nega- 
,tlvely related to the availability.* of previously prepared guidelines. 
Chemistry and physiology required approximately twice as much time in- 
the pre-lab, as. did biology and histology, While, the high-school biology 
laboratories had patterns similar to those. In colltge biology and hls-. 
tologyt college ehenlstrr and physiology placed almost twb»;thiras of 
the time in the pre-lab discussions, • • ' 



In the high school laboratories an averse of 11 percent of the ttae was 
devoted to ver lfic atlnn irpn wh ll g pB Kent-wag-^ivea-te-^n'i 
tlve items. An, "Investigative index" .was calculated by dividing the 
sun of the inquiry itema by that of .the .verification Items. The Inves- 
tigative index for the high-school sample was 1.2/ Nevertheless the 18 
hlgh-SEhoei ;teachera proylded the following range i 7 were "inqulry- 
orlenfed"; 8 were "equally uain| inquiry and verification"; three were 
— mdltlonalv"— The-inWStlgatll^ 
tlvely lofw: biology, 0.7; physiology, 0.5; chCTlstry, 0.4; and 
histology, 0,3, . 



\ 
) 



Interpretations ^ ' 

In 1974 hlgh-scheQl bielagy students In Israel who studied tha local 
BSCS adaptation program were imrolved in Investigative laboratorj^ 
experleneea* 'Hir level of Inquiry gradually Incraaaed ftfom the nlhth^ 
tha eleyerith-grade level. On the ©Cher hand, college laboratory 
^experiences were traditional and conf Irmatorty, 

Most of the college laboratories have a pre-lab phase which Is conslder- 
ably longer than In the high schools. The college histology course had 
a relafclvely short pre-lab phase because of the detailed guidelines 
which were written and video-taped. All of the college laboracorles 



provided detailed directions designed to eliminate any difficulties or 
anexpected results. . - ' ■ 



Th« college laboratories |laced strong reliance on the required 

vrltten reporta and Had po«-lab diaeuasldnfl. The researcher 
cofidemad this ptacclee. by vrltlfiigi 

The port-- lab Is /essential for pr©blert?*solving Investigative 
l^baratorles. Its absence may serve, as a strong 'indicatlen 
of^the traditional varlflcatlon nature. of the callage labor-t 
atories» «,*Colltge laboratories should lead rather than 
lag behind high school. 



itfSTOACTOR'S AMViBtS ^ 



The yesaarcher %rr©tei "A literature surirey h^s failed to Identify 
atuates describing what i,s actually hap^fenlng in the laboratories in. 
*terms of students* engagement ^ Inquiry probably because the study 
of the nature of the transactions (activities and interaetlon of 
teachers and students) Is not ^ easy one to carry out la thk la'bor- 
^^'^ The abs trae tor can iden t Ify s avM^l, aj uirtl M flf , th^ 

type not found by the researcher. The absfractor susppcts that the * 
researcher did not search the literature of the late 1960fc when the 

topic o£ Inquiry was intensely discussed. For exaaple, Inquiry^ . 

^ ' ^ z' ■ , - - — ' — ^ . ^ ^ • 

Oblectlveg.ln the Teaching of Biology , published In September, 1969, 

has an «inat"ated bibliography of 161 It^s* 0ns ex^ple from this 

list la the article by 1, J, Montague and R. M, Wards "The Develop"- 

seat of Problem Solving Abillt las In Secondary School Chemistry." ' 

The cdsmientary an this article observes i "The unsKpacted results of 

this study auggest that atudenta with Investigative experience in the 

chemistry laboratory do net leara to transfer abilltle^ln critic^ 

thinking any better than those with traditional experiences or that 

teachers may not use these approaches with equal effectlveneiSt" 

Another example of research s'tudles on Inquiry are the 16 articles ^ 
contained within the University of Texas Publleatl6n MumblF 6720, ' ^ 
October 15, 1967, Research and Curriculum Pevalepmerit in Science ' ' 
Eduea t Ion f-— 1 The-Nev-Fregrams-ln^lgt^ - A nnirrle le 

irlthin this book Is of special Inrerest; Lehmian W» fearnM, Jr* wrote / 



"Th€ Dcvelepmant at ^ Itudcnt Chtakllat to Determliie Ufeoratsry 
fMCtieei In High Scheol Biolegy," The abstractor suggeats tfhat this 
ehaeklist of 65 Itaiu is a'ffiore appropriate Instrument than the 
researcher '8 selectian of Classroom Observation Instrument releyaQt 
to the Earth Science Curriculum. ' / 

The researcher attemptad to make a new conceptual contribution by 
cantrastlngrtlie, laboratory activities of hTg^chool biology clasSes 
with those of four different college science courses . He argues that 
fhe ideal situation Is approached by Ae. eleventh-grade biology 
laboratories which inclule a relatively larg^^ount of student input 

^^^^^^i^^i'^ iT ^^i^W H e cites flew rat^ 

authors who advocate the investigative laboratory, , * 

Unfortunately he does not distinguish the level of course between 
ninth-grade or tenth-grade biology and elevptitfl^g«da biology. The * 
aistpactor 8us|ects that intreductary biology is taught in grade 9 
or 10 but^ that TtfudM^ 

biolo^,' * ' This second course probably attracts thoia advanced 
atudenta who are able to 'da Investigative laboratory work with an 
enthusiasm that generates lively dlscuisions. The relatively lengthy 
post-lab discussions of the e^eventh^grade biology cdursa are substi* 
tutei^ for the written reports required by college teachers. Many 
teachers at both the high-school and the college level belleva that 
Che writing bf these detailed, carefully reasoned report e la a 
necessary part of doing advanced aclence, 

' . - ^ / . . ' 

While the researcher advocates thf group dynamics of the poat-lab,^ 

discussion, Joaeph\D, Novak' was ricomianding a different Ideal in the 
book Facilities far Seeondarv School Sclance Teaching t Evolving 
Patterns inrFacilltles. and Programs . He ©baervedr "The study teatt 
established two primary criteria for facilities to qualify as exem- 
plary: ^(1) the facility must. provide f or easy raadif Icatlon or 
flexibility/ and (2) the facility .must allow for Increasing^ indi^ ^ 
yldualiiacibn of ,lnstrucci©n.^^ The recant trend toward tndlvlduall- 



gaqljag rertbres an^empha 

30 



poat-lab discussions. 



sis en* wlclng^ reports and elloina^s' the . 



ladl^uallzea C^JhliWetool labs 




unty, tht end ©f the parted i^^g.Msi^4d clMiEO©i8, .PerWpt - - 

Rr ti -ocegy tSiB <C the .«ad df.^** period. ^oe a the Uteratiii ^ 
^W«lj§«feieeQr iff nftt i^pcirt the researcMer^^ aaSertSi^ttat ^t^ poii-i 



•£yd«ta ^taclf the K^Wm and tha pr«edur^, M Mplaoattea 



laboratertes are fei^ in s^e el^Mntar^ aeltoolri 1^ in' gradyatfe ^' * 
project Ond^ied Scltnee and MaehMatlaa f©r ^MantSuEy iSeheols CUaESJ 



lahQratQ.rlaa . ..tii aaslApHfttydanta i a^4iada#atai^^te^ b a iie 
^oneepts, Aa axcaptien may ba the Chwleal Bond Appjroaeh ttBAl/ an 
^^l^^h^ji^ada p rQjae|p whi ch gradually geqalra^ tha gtud antt tQ taka 
Htha «»^Mlbllity of ^^islng pracadurar Ind fSally of daflnlag th^ 
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Sha abllra^tor suspaeta that the ralatlvtly high" "Iftvastljatlve ladax" 
hlgh-se^ 

tlvaly h^h laval of axehanga la dlaeusslOTp^athar than a maasura of 
Idantlfylng pr^pa^pand procaduras for tha iaboratoxy. Tha Inquiry 
iiethod usad by many BSCS taacharp anaouragas dlacussibn by poalng * 
* ^uaatlons wh'lch tanP^to laaf^ba studanta toward eonclualOTS pravloualy 
tafslaa d by t fia-taaah ay » M rtheugh^hlr^gOTho^-^ffiyr^Vl^^ a t ud en t 
la dtf lalag tha probla® and tha^proaeduris, tha studanta ara la^ to 
prtdttaralpad aoneluslons, with little' flaKlblllty In tha work whfch 
will ba done In the laboratfjyy. 56th /4gqulry" l^sgens do i ^ot sea m 
CO fulfill tha raiaarchpr's' daflnltion of the ^•typical ingulry labpta- 
tory," Tharafere this study say contain a confused use of the word 



^*lnqulry.'* ^ ' 
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. ^ and . 



*bsfeMCt «d malysls of oar article (Liha Md l^vlaf p 1978) 
"""Ewtaiw an'lAe^s^tm^^mmny St thm work thae ims eonduqted, tut la^ 
~^*l»leadlag to ; ataa^ ^ ^ _^ 
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^SmmtLTf of Study 



* • 



Tha aimary of our study la adequate but La^on*s Malysls of the 
jytl^ale la tocogpl gte , tawyoi^ aot ea tha r alayange o f ou 
to Plage tian and n^o*Flagat Ian thgory but aomantSp '"Nc^, furthar ratlonala 
for the study was given eKcept for a. brief stateflent that a clearer 
Mderatatidlng of TidW ehltdf^^ 

(taw9on» 1978), Lai^on failed to note that the serttence iffiBedlately 
after our "brief statement" ref era the readir to our^publlshed reviews 
of raeent >lf?prk la the field (Levlae and Llna» 1977) which places our 
eiBplrlcal work alongatde the work of other reSeirchera and tlieoreticlaas. 



Our latroductlon was purposely telegraphic*' Our totent was simply to 
place our work irt thin the sasslve field of adolescent reasoning without 



"^^^^ ^"^t J^o. SM^ Any opinions, find- _ 



Lcacion^ 

are those of the author and do not necessarily reflect the views of ^ 
the Nat lenai Science Foundation. 
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vith i^lipmtiM i^^ mij^ %to A ta not i^omded la luge 
ammt of wrk that teek pl&s^^Ngfme om atydy «u imlkrtakm. 



Aaalymi» of - St^y 



tfe ta&a Issoe vltb Lawsra's (1979) crl^lqua of cn^ praaedon for 

tmu^^^ tuik wn^iiutmB co task sisc€su« tmsom sal^a tte^ points ^ 
^ «4tlcistog^e flndlBgsi a) chare mi probably no rMl fialliarlty 



erete materlalai ud e) "as the auttors thEsaselves acWwle^e, ••,tte 
Mthod usad for pKaa&tlng tha task ga^a Mra Inferaat lea about tba 
ya^lablas for one task than another" (Lai^onp 1978)/ 



Laww'a first petttV that probiSIy ss iaal fwilll^ 

*fl«t<^p '^Mp # agVaaV not strisgentiy tist€d In @ur study. However, 
va did select tasks on tha basis of our observatl^s In aleaiantary ~ 
school classrooms In the United States and England* Lawson tries to 
jpmm him pnlnf by agfclng and thw angwe riag-toHt hfe geg ati ve th e 
quaatlon» "are seeds and fertllliar any movm f miliar than marbles 
and igLres f "^ Hgvey« proper j^ ugatla nr^^^^ A^ %m 



discuss CLlnn^ and Levlna, 1978, p, 3») , the question concerns f^l-- , 
larlty of the iasks as a whole. The seeds problMa concerned planting ^ 
and^ earing for seedsV ^n^rl^ 
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^^^^^ subjacts (12-16 years of age) , they have had 

^Eparlence growing plants. In contrast, tha ramp task was designed 
to use familiar objects (marbles) In a new but not totally foreign 
^sattlngi As Tlgure 1 4n our article Illustrates, the marbles were 

' -^T^ '-^^ , - . -^ ^- - , . , ■ ... _■■ ■■■■^ 

released and allawid to hit a target at .the bottom of a short rmp* 
This task invoivas sosa variables that the students were familiar wlth^ 
(height of relmaae point) was not ldentlcal4to any ^ previous exper- 
leiices, uume tlia seeds catk. Finally, tM aitcult task was Intended 
to be the least; fMilllar aeeo rdlng rk^m hypnty^^sj^^ 

difficult task'^f While we. eertainly expected children of 12-16 

« • ■>• 
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^'>:7^^'^^^t»C*.--;--^^^^^^ . . 

9MZS of -«ga to be £smillAt with wires and buzsers. tot box waa set up 

hwe uiooBte^ e airila^ device la the poet Csee «ir Flgare 2). Six ' 
i^^M^ a^^gi^ In pal^^ceae'but^of the top « Ma^|,b«. We - 

i?_r___rr^^a. mtielpat^ ttakt the ehiidm vould sot baw ever encaim^ 
'£|G^^«y^®rt eieetricsf ^s£^ chet appartotly required three 

. : J^;^^^*^^tlcw reaatloM to dhe varloiis eppttatl, 

l^e^childria .1^0 were ftvea the etocult* prahl^ appeared to be far more* 
fbwt heir the devlee yorked tlun nere the children vho dld^fhe _ 



f j»iliart ty| ; boiiever^ our seleetioms iitre far aore purpoaeful thm 



L«wea*g aeeend gTltlelsa -la that the aeeda 

^probl€0-.i9aa^premQ tad -o - 

''^^^M ™ the ^ 

^og lte than ye obta to^ For cyr aubjeetg, fche ^eaal^g^^ pmhl ^ y aa 

the aaeds^ taaki This contrary fo fhp hypnfh^gis frhat a problw^e ~ 

aented orally , and therefore abstraetlyp would ba more dlffleult th0&^ 
one presented concretely with materials for the ohlld to observe firectly. 
If My thing p we made obtalntog resulta supportljig tha hypothaala even" 
«ore dlff ieult than would have been the ease had we used eonerete mater- 
-Iris *— w^wer a tftethodelcJileally^perf eer hai^aySteMtli^ - 

eally tested the abstraet/eoacrete dironsion— this nuat be left 50 
fqfure studies ^ 



finally, tavson quoted us as adnlttlng that ",*.the method used for 
presenting the task gave more Information about the variables for one 
task than for another" (La^^oni 1979)^ This, he suspeets, iffls the 
^p rlMry oa ua a^f^ he^lai^e-dWerCT^ 



again» we must point out whs^ Lawson chose not to quote. The entire 
CQnCexc of Che psasage that Lawson^ selectively quotes demonstrates 
that we vere only offering a ^oaaitle explanation and that we attempted 
to nalce the task Instrucclona Identical, Aa we wen6 on to discuss, we 
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Leve, as Lawaon^^^chosen quotation would indicate, that we 



created rematg ttot pgft -^n1ng1^y.» to faec^ sub^l 



^ottC TCMi^eb has ^Terlfled md elaborated the hypochesla Investigated 
Is fl» wpow^ st^y CLlma, HotMa and 2 \ 

We banri m otter objections to LaMon*a cm^ta about our study # 

e^wirot w -^be adeguaey of hla abatraet md malysis. Imm^ 
ttltlirf^ed e« IJtteral ™e^ o^ soTCtlms werly,€Oaelse^ J 



tima*. AeM a^y be ^lld^critl^^ a we have pointed 

out, Laifson htoaelf ms ^Hty of aaalogouijfalllngs, Altho writing 
vhleb iimld elj^nate-sMe of his shortcoalngs/ auah as *he fsHOTe to 

subtly laoreased the length of the amuscrlptp th^ would assist ^ 
"^nslderAly la tlM 
of his abstract. r-^ 



Inhelder, S and J, Plaget. Jftt^GrowthlQf LagiAi^ Th4fiv-ff.gt FT-i^^j^^^^ 
' hood to Adolescanee . A, Parsans and S. Ittlirm (Trans,)?/ Hew^^^^ 
laslo Books, 1:958, * ' v ^ ' ; 



^ ay--A^g^=^rlei<iue-of-^Mol es€en t- R^ 

tions Format and T^jfrn of Variables on ^lllty to Control Variables." 
Igvestlgatlonfl In Science Education . 4(4), 19Z8, ; - 

Levtoep D, 1* rad M. C, L^mv "Sclen^le Reasoning Ability la Adoles- ' 
cttces Theoretical Viewpoints and Educational Ii^ll^ 
Journal of Research In Sc lance Teaching ^ 14(4) i 371-384, 1977* ^ 



Liim» Mi C* and D* I* Levlne, "Adoleseent Reasonings Influence of 
Question Poraat and Type of Variables on Ability to Cantrol^ ^ 
Variables." Science Education . 61(3) i* 377-388, 1978, 



Hates 



1, Llnnt M, C. '^en do. Adolescent and College Studints Reason?" 
Paper prasiented at Sibyl Walcott Teraan Conference on Symbol Pro- 
cessing and Elementary Eduestlon^, Stanford University^ October, 
1978, ARP-13. ^ . , 

2i Linn, M. C, "Theeretlcal and Practical Significance of Forroal 



Development Meeting, San FranclscOi March, 1979, ARP-15, 
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iessR0«ir% ^a^:^ of 



••aeir ^ ttft l^weateries toed?" Z^ty fli^ 1, gtrraek. 
- to Setcneii EduMtlen . 6C3)| . 45-53, 1980. 



i0^0^^^^im^^Hsw tms ehesea for s eritlei^ rgTlM David R, Stfosek, ^ 
^N^v^/'i '^^ thft autbeM of I,S*Et I he^ that tMs ^moml of ^«am* 



•duMittda^ It a^eagg th^C the rslg of the labQgatory> yfyji-fftfi 
V,'d«b|itaBle l^iue. tftlle I find the review totereattog,'! wish to 
fe|f m Bia^ of , cmBmmts^ I ahall hmgin irf.th tte literature aurvaj^ 



Idtstiif^ stti^i^ JfSieh daal with euteoMs ©f loqul^ 



0ft;aa^d Ubb^ rod Wiard; 1969) or witfc regults 

^(^talned f roitftityg^^ ^ syggasta that the 

5Mcia4ai4>f 6^^^ Ba^es "la a mere appraprlate 



batnaient televi^t vft<iv-th«^ lM^vScl^ee''^3^^ It appeate ' 

all the Btudles.c4Sl^>y ;h^j;vi^^^ Cheekllat, are 

ttdt dealing with dlteci? o^iet^ai^^j^^ It is 



Ithia kind" o£ rMMteh Tv^ich^has^^ 7 Only 

recently, followlnt the';'»tudi^ uhdei;' aoM observation 



■tudlea hegan to appear Xe>4^f:i '■#Ky^^^^yiy0^ that Bany 

aofe studies of laboratory' tr^ftM^ttcw^^^f^^^ 

atlll neeeMary in order tg f^nd r^al^^^i^^^^ff^iE^ In . 



laboratory lessons and what, 
•tydente Iw the laboratory 
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yaiii^tm^ KKeiiit of 
Dry.. . ^ ■ ■ ^ 



l^b a^mtXoBA of tbft' ^UsnaxSk -gsmin biology course ace sabsCltnees 

that ?Ml^g« lAeMeMlu mrm -mtm iniiHAiMUz^" md thmt 



^tbm neat tmd tevud ^dl^^lduallsatim rea tores u ^ibasts m 



■ i'-^" A'^ ■■ ...... . . - . -- .^fi- 0. ...... 

ijdLi^w ttM Utaratura w4 tM^strft tor do aet- sttj^r t 



. ^tsb spftelfle rafarsaee to cMs litar&turs^ *^ 
1 sgifu vit^^ the abstractot^iif obsorirstlOT tidmt ^'masy tepehers at both 



falij Masosed ra^rts is a aeeusary part of do^g U^mcdd selesee." 
Jtor^fr j^I^bglie^^^j^^ 1^^ less 



ad^&oMd aelmoa elassesp la faet^ j^l^^are ^^rtut In any lastruc-- 
tiooal l^oratory ♦ ymverthaless^ t eimofe^agreg vlth tha eentantion 



that laboratory raports ara substitutes for past*-lab dlBensslons, 
f ost^lab dls&iss lons may not %a ass atttial f o r varlfla atlon laboratorias 
proyldad that tha taaehar aatei surfty during tha pra-^lab dlsgussloy and 
ths aotnal work, that tha studants uadarstand what thay ara doing* 
towrar, to Inqylty^orlantad iaberatorias whara of tan una^adtad thtegs 

^^tarppWTsd^^wtera^Tstndrera 
results thay will gat, naturally tha maantog of tha rasults and thalr 

. interp ri^far ln n 

MorTOvar, In an Inquiry-orient ad laboratory different tates say be 
-tngagad In tha study of diffarant|spaeta of the problem under Inves- 
tigation which they ara expaetad to report to the whole elass before 
tha sought-f or .ganeralliatlons emerge, Evan whan the different teams 
work on a comBion task, pooling the rasults mty,|lead to a mora vs 
analysis taking into. eonalderatiaQ dtffmrmni^m i 

rspllcatlons as well* as amplaylng statistical analysis in pertinent 
svants. Post-lab discussion also provides opportunitlas to both 
teacher and students to raise questions, to examine eonflletSg to 
relate previous knowledge to the new findings, etc. We may note. In 
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Midl^tut#rlal sejtaee program^ im reall^ad that & elass. or 

PWpwt^^iMi^ts*;" Th^ vltt 



... ~\ 



.... ..^ , - ^ . - ..." .i: - . . - ^ . ■ * - 

PP»t^l«b diaeuaslou- p^&arlly to oceupy tha tisa at tba aad of the 
parlod* Parbapa soma do» BevaTtrp this aifgi^^^ ^axtoot he aarloualj 



lathat ^t say pototT jit the maad to study^earefully lAat is molnsi on in 
^jN^^fe^t4h ^d ia £U88 i^^.a 



I agree with'^ttia abstrsetor that In Mst setoola the Itteratorlds limvm 

not baga suffleif ntl y us ed tg d evel op jng nl^ skillii/Md th^^ 

Idmtliicatlon ^s-id iil^y. nag iee On ^ ggaggA ff^T »Mm 4M>h^r m^^^ V 

laboratory arauplsi^^Fe^ 1^ presi^fcly Inquii^-orlented eurrlcula 

Meh as the BSCS Oi^^e^lSSC, do not require the 'students to practice 
thaitrTOCns Csaa^^« eifiMplap tairir jitd Lunette , 1|78). Yet, It Itf 
•8*4^.. contention that as students prbgreis in their study of atlenee 

1« iaentificatien and problem soli^Uig skills^ , Suah opperttmitles need 
not result in less understanding of teportant basie^coneepts as eyl^ 
danced repeatedly In the evaluatlen of the Israeli BSCS Adaptation 
Project (e,g,, tmlv and Jungvlrth, 1975| Tamir, 1976), 

Although I agree that there exists certain dependanee on the nature of 
the laboratory on t h e s pecific d iaeiplinas^r-nav^rtheless-t^ 



aented in the original article, as well as informal discussion with 
students and inatructors in the university , clearly substantiate the 
bis le cane luslsn that ffiany college labaratories are highly tftdl*; 
tlonal, emphasizing verification and often promote a rather reutlne 



••kills. Slvllw^mats maa siBllar concldsiona are repdrted hf a. 



Wa Jr* "Ja Ami j^is0£jM true tor Bahwlors In 

Zatrciduetorr aad A^attetd^tabotsterles of Five Salance>i$l8cl- , 
pltocs at the ^aivorslqr tivel**' ttapubllshed Master's thesis, ' 
P nlTerslt y of Imm^ 1 977, . < ^^ 



Moiitsgiie., E* J, »d H, Ard, T^e^Drr^OpBsen^ Problm Solving 
^^^J^il^^* Ij^ie^nde^ SehMl ttj^itrt^.'L Jouroal of ^seagch In 



Hovakp J» S^i^fc^ eoammlcat^OQ, 1968, 



a^Masl^p ;J, ^jL,. "Ass essl Jag Teaeheg PerforMaee In tW jClas^roomi 

Fitte^n Aaaiyais Applied to Inttrsetioa Data," Studlca In Iduoa* 

-—- ^^iml-tHiaBtiwu ^ — ^ ^ 



Tmlrt f . "Factors Whlah lafluenee Aehlevweat In High School 

Biology," Jeurnal of Research in Sol&ee Teaehlng ; 13s ^39^^546 » 
1976,^ - — ^ ^ ' 



ttmiSf P* and E, Jungwlrth^ "Students Growth and Trends Developed' as 
a Rasult of Studying BSCS BloloM^ far Several Years," Journal of 
Research in Science Teachtoa «^^J^ i&3^2flQ^ l^ ~ " 



tmlJCt P. «sd V, LunetCa. "to AiiAlygla of LaboracoF^ Activities In the 
BSCS Yellow Verslen." Thm ^ertean BlQlegy Teacher . 40; 353-357, 

— " x~-19Wf- "< . — - — "1.^...^.- -..-^ ,1^.^.: 
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^ ^UMe» meter L»^nd^to^^ M.^Gsi^aJ.dlp^'*!^AiSd£lati 




1* Iti tl&s^atter ^ef fl^^lUg spools tfaa^ cen^t thaft tbs sas^ltt 
li npy^nmmt Hie smpia^ii^ blued 

witbi^Mpeet t© urbte systttSy but It eertainiy^ms psraseterS' 



b« M^&^^l^ to ethef s^^les for tte reglow eoasidiredt trtileh 

rair-w-raall-^oimv-^^ . — . _ 



2. Tte uas of random ftUalnstloa of stAJsots to produea propa^tloa- 
allty Is V(ill*>docu3^ted by statlEtl^ma as a dtslrabls ac£lom» 



mttmct^ win be confornided is the Isteraetlo^ but that main 

were adde7p Jimior Mgh Sj^itoI Science^ the result was not ehanged 
as. the f-bist for Institute attendance was nonsignificant* The 
effect of adding the dumy seorea (aj^ means) was to reduce Mea^j^^ 
S^tiare Errors ^so that it ihould have been'^eyen easier to detect %- 
slgnlflcwce if It were there, Tliere are better estimators for 
dusay scores using. the whole design matrix, but nothing of 



importmce would be chimged in any case. 



I 



That degress of freedom were lost by randomly discarding observa* 
tlons is Irrelevant since the error term had well over 100 degrees 
of freedem It^ fhr^ff nf fnnr ^tr^a^ygpg . 'atiH ^1 anntfier p ylflldtng 
plenty, of power* 



4 
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-^SSiSr-^^^itt^ nor 
fiMs of the sa^le 1» rt« mjoi; detOT^qep. ett* wp^^^^^^ 
ot 12007 - : - . - 



tt^^at ashlevjunt 'should cert^mly flisn^mig resdsrs* 
taim ladge has mot bam a sueMsafyl pradletori ^^Xt was In 



of' Aa HSF progr^^ 



Dr« lla341soQ has ulalntatpretad tha st^^^ah'ha au^aata that 
taa^ra* tooifladga ls_n©^^ We did npt^ ^4dyaqa 



that lMU€p althou^ tha^s. la rasear^^to todlcata ta^ij|r tooir^ - 

, ladgg doas i aqga ase irilth Institute att a ndm «, Itt att la a^ a men t^ 

hovavar, that the Itkaly affec t of the I nktltiitas is Wp^^^g^^^ 
^ as vas stattd in the ort^nal artlcii« v : ; ^ 

* St Finally p the comant tfiat the diffaraneag #ta insigaflfeadt vAg 

^addressed in detMl in an earlier resprase (t6 Edward Oavla' ^" ^^ 
raviiw, 4,S.B» 5(2)p 1979), Tbe esseEUtlal pointr awi 
-""^^^V" ^ ar- The aMrea represent elaas i^tos, not st^an^^^Sis r^^'^^^^^^^^^^^^ ^^^ 

h* The diffemees are aoi^arable to large standariEed test 

^ - „ , class m#an dlff arancasf — 

€* In Aaoluce percentage a gain of five to ten percent in ; 
. a^hleveaent iright wall be worth the expenditure of one to 

^ ^ree^ in-service institutes for a teacher whan raortited 
. .. ovar the teacher's career and over thousmds of studmts* 
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